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biotechnology, marine sciences. The JJBS welcomes the submission of manuscript that meets the
general criteria of significance and academic excellence. All articles published in JIBS are peer-
reviewed. Papers will be published approximately one to two months after acceptance.

Type of Papers

The journal publishes high-quality original scientific papers, short communications, correspondence
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Submission of Manuscript

Manuscript, or the essence of their content, must be previously unpublished and should not be under
simultaneous consideration by another journal. The authors should also declare if any similar work has
been submitted to or published by another journal. They should also declare that it has not been
submitted/ published elsewhere in the same form, in English or in any other language, without the
written consent of the Publisher. The authors should also declare that the paper is the original work of
the author(s) and not copied (in whole or in part) from any other work. All papers will be automatically
checked for duplicate publication and plagiarism. If detected, appropriate action will be taken in
accordance with International Ethical Guideline. By virtue of the submitted manuscript, the
corresponding author acknowledges that all the co-authors have seen and approved the final version of
the manuscript. The corresponding author should provide all co-authors with information regarding the
manuscript, and obtain their approval before submitting any revisions. Electronic submission of
manuscripts is strongly recommended, provided that the text, tables and figures are included in a single
Microsoft Word file. Submit manuscript as e-mail attachment to the Editorial Office at:
JIBS@hu.edu.jo. After submission, a manuscript number will be communicated to the corresponding
author within 48 hours.

Peer-review Process

It is requested to submit, with the manuscript, the names, addresses and e-mail addresses of at least 4
potential reviewers. It is the sole right of the editor to decide whether or not the suggested reviewers to
be used. The reviewers’ comments will be sent to authors within 6-8 weeks after submission.
Manuscripts and figures for review will not be returned to authors whether the editorial decision is to
accept, revise, or reject. All Case Reports and Short Communication must include at least one table
and/ or one figure.

Preparation of Manuscript

The manuscript should be written in English with simple lay out. The text should be prepared in single
column format. Bold face, italics, subscripts, superscripts etc. can be used. Pages should be numbered
consecutively, beginning with the title page and continuing through the last page of typewritten
material.

The text can be divided into numbered sections with brief headings. Starting from introduction with
section 1. Subsections should be numbered (for example 2.1 (then 2.1.1, 2.1.2, 2.2, etc.), up to three
levels. Manuscripts in general should be organized in the following manner:

Title Page

The title page should contain a brief title, correct first name, middle initial and family name of each
author and name and address of the department(s) and institution(s) from where the research was
carried out for each author. The title should be without any abbreviations and it should enlighten the
contents of the paper. All affiliations should be provided with a lower-case superscript number just
after the author's name and in front of the appropriate address.

The name of the corresponding author should be indicated along with telephone and fax numbers (with
country and area code) along with full postal address and e-mail address.



Abstract

The abstract should be concise and informative. It should not exceed 350 words in length for full
manuscript and Review article and 150 words in case of Case Report and/ or Short Communication. It
should briefly describe the purpose of the work, techniques and methods used, major findings with
important data and conclusions. No references should be cited in this part. Generally non-standard
abbreviations should not be used, if necessary they should be clearly defined in the abstract, at first use.

Keywords

Immediately after the abstract, about 4-8 keywords should be given. Use of abbreviations should be
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Abbreviations

Non-standard abbreviations should be listed and full form of each abbreviation should be given in
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Introduction
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Materials and Methods
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Results
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Discussion
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Conclusions
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EDITORIAL PREFACE

Jordan Journal of Biological Sciences (JJBS) is a refereed, quarterly international
journal financed by the Scientific Research and Innovation Support Fund, Ministry of
Higher Education and Scientific Research in cooperation with the Hashemite
University, Jordan. JIBS celebrated its 11™ commencement this past January, 2019.
JJBS was founded in 2008 to create a peer-reviewed journal that publishes high-
quality research articles, reviews and short communications on novel and innovative
aspects of a wide variety of biological sciences such as cell biology, developmental
biology, structural biology, microbiology, entomology, molecular biology,
biochemistry, medical biotechnology, biodiversity, ecology, marine biology, plant and
animal biology, plant and animal physiology, genomics and bioinformatics.

We have watched the growth and success of JIBS over the years. JJBS has published
11 volumes, 45 issues and 479 articles. JJBS has been indexed by SCOPUS, CABI’s
Full-Text Repository, EBSCO, Clarivate Analytics- Zoological Record and recently
has been included in the UGC India approved journals. JJBS Cite Score has improved
from 0.18 in 2015 to 0.60 in 2018.

A group of highly valuable scholars have agreed to serve on the editorial board and
this places JIBS in a position of most authoritative on biological sciences. | am
honored to have six eminent associate editors from various countries. | am also
delighted with our group of international advisory board members coming from 15
countries worldwide for their continuous support of JJBS. With our editorial board's
cumulative experience in various fields of biological sciences, this journal brings a
substantial representation of biological sciences in different disciplines. Without the
service and dedication of our editorial; associate editorial and international advisory
board members, JJBS would have never existed.

In the coming year, we hope that JJBS will be indexed in Clarivate Analytics and
MEDLINE (the U.S. National Library of Medicine database) and others. As you read
throughout this volume of JIBS, | would like to remind you that the success of our
journal depends on the number of quality articles submitted for review. Accordingly, I
would like to request your participation and colleagues by submitting quality
manuscripts for review. One of the great benefits we can provide to our prospective
authors, regardless of acceptance of their manuscripts or not, is the feedback of our
review process. JJBS provides authors with high quality, helpful reviews to improve
their manuscripts.

Finally, JJBS would not have succeeded without the collaboration of authors and
referees. Their work is greatly appreciated. Furthermore, my thanks are also extended
to The Hashemite University and the Scientific Research and Innovation Support
Fund, Ministry of Higher Education and Scientific Research for their continuous
financial and administrative support to JJBS.

Professor Khaled H. Abu-Elteen
March, 2019
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against the HepG2 cells with 1Cg, value 50 & 25ug/mL,
respectively. While, M. piperita var. citrata aqueous and
oil extracts showed an anticancer effect with 1C50 values
of 91.5 and 20.2 pg/mL, respectively. However, the S.
montana L. and M. piperita L. var. citrata extracts and
essential oils cytotoxicity was less than that of the 5-
Flurouracil 1C50 = 4.5 pg/mL (Figure 4).

Figure 4. Growth inhibition of Satureja montana L. and Mentha
piperita L. var. citrata aqueous extract and volatile oil
concentrations against HepG2 cells.

3.5. Effects of Satureja montana L. and Mentha piperita

L. Extracts on the Expression of Apoptosis-Related

Genes in HepG2 Cells

To find out the molecular mechanisms of the S.
montana L. and M. piperita L. var. citrata aqueous
extracts and essential oils against the HepG2 cells, the
expression of three apoptosis-related genes (caspase-3,
Bax and Bcl2) expression was examined.

3.5.1. Gene Expression of Caspase-3

The semi-q PCR of caspase-3 mRNA analysis showed
that the S. Montana L. and M. piperita L. var. citrata
aqueous extracts and essential oils exhibited an increase in
the expression of the caspase-3 gene in the HepG2 cells as
indicted by the amount of the mRNA. Caspase-3
expressions were significantly different (P<0.05) from
those of the untreated cells and the oils have wider bands
of caspase-3 mRNA than the aqueous extracts (Figures 5
and 6).

3.5.2. Gene Expression of Bcl-2 Family

The S. Montana L. and M. piperita L. var. citrata
aqueous and oil extracts’ treated the HepG2 cells for forty-
eight hours, and showed stronger pro-apoptotic Bax
mRNA expressions than in the untreated cells. The Bcl-2
expressions of the S. montana L. and M. piperita L. var.
citrata incubated cells were significantly (P<0.05) reduced
compared to the control cells. Greater alterations were
noticed in the wvolatile oil treated cells, where it
significantly decreased (P<0.05) the mRNA expression of
the pro-apoptotic (Bax) and the apoptosis regulator (Bcl-2)
as shown in (Figures 5 and 6).

B
Figure 5. Effects of (A) Satureja montana L. (B) Mentha piperita
L. var. citrata on the mRNA expression levels of caspase-3, Bcl-2
and Bax in HepG2 cells. GAPDH was used as an internal control.
Where lane 1: untreated HepG2; lane 2: HepG2 treated with
aqueous extract and lane 3: HepG2 treated with volatile oil.

B
Figure 6. Effect of (A) Satureja montana L. and (B) Mentha
piperita L. var. citrata extract and volatile on apoptotic gene
expression level in HepG2 cell line4.The results illustrated are
normalized to the level of GAPDH level and the data are the
means of optical density for each gene divided by that for
GAPDH.
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4. Discussion

Most of aromatic and medicinal plants have
compounds with antioxidant properties. Natural
antioxidants are considered useful agents for diseases’
prevention. Previous studies have shown that plant
phenolic compounds display an antioxidant property
because of their free radicals scavenging capacity (de
Oliveira et al., 2011). The results of the current study
revealed that the S. montana L. and M. piperita L. var.
citrata extracts and oils contain a high phenolic content
and showed high free radical-scavenging and reducing-
power activities. These results are supported by the study
of Pereira and Cardoso (2013), who confirmed that M.
piperita L. plants are rich in phenolic compounds.
Additionally, Hassanein et al. (2014) proved that S.
montana cultivated in Egypt contains a high content of
phenolic and flavonoid compounds that could be reliable
for a remarkable radical scavenging and antioxidant
properties. This promising efficiency suggests its potential
role as an antioxidant agent, to improve the antioxidant
condition and counteract the hazards of diseases related to
oxidative stress.

Medicinal plants essential oils have a broad variety of
biological activities including spasmolytic, hepato-
protective, antiviral and anticarcinogenic effects (Lahlou,
2004). In recent years, many studies recognized the
efficiency of essential oils and their chemical constituents
as a source of novel bioactive natural products even
against cancer (Piaru et al., 2012; Rasoanaivo et al., 2013;
Zapata et al., 2014). AI-Okbi et al. (2015) revealed that
M. citrata and M. longifolia own antioxidant and
anticancer activities that could be referred to the
occurrence of phytosterosl, phenolic compounds and
specific volatile constituents. The present study’s data of
plant analysis revealed that the S. montana L. and M.
piperita L. var. citrata essential oils possess stronger
antioxidant properties than their extracts. This result is in
agreement with Nemati et al. (2018) who reported that the
S. montana L. essential oils have a prospect for reducing
Fe™toFe ™ andalso Cu (Il) to Cu (I), and possess a
strong antioxidant activity.

The current study showed that the aromatic
plants, S. montana L. and M. piperita L. var. citrate,
affected the HepG2 cells viability. Here, the in vitro
cytotoxic study reported that the extracts and oils
significantly suppressed the growth of hepatocellular
carcinoma human cells (HepG2) in a dose-dependent
manner with the 1C50 value of S. montana L. = 50 and 25
pg/mL and M. piperita L. var. citrata = 91.5 & 20.2
pg/mL, respectively. It can be concluded that the essential
oils of S. montana L. and M. piperita L. var. citrata. are
two and four times more cytotoxic than the aqueous
extracts. This result is in accordance with Elgndi et
al.(2017) who demonstrated that the essential oil and CO,
extract of S. montana showed a high anti-proliferative
activity (1C50 =59.85-91.05 pg/mL) against HelLa cells
line, where the essential oil is 1.5 times more cytotoxic
than CO, extracts. Fitsiou et al. (2016) suggested that the
essential oils of S. thymbra and S. parnassica exhibited a
diverse anti-proliferative activity against A549 non-small
cell lung adenocarcinoma and HepG2 and Hep3B liver
hepatocellular carcinoma cells. Sharifi-Rad et al. (2015)
reported that theS. intermedia essential oils showed a

concentration-dependent decrease in the HepG2 and MCF-
7 human cancer cell lines viabilities. Arunasree (2010)
confirmed that the S. montana cytotoxicity may be
attributed to the relatively high phenolic compounds
concentrations, particularly carvacrol. They demonstrated
the carvacrol antitumor effects on MCF-7, MDA-MB and
suggested that it has a therapeutic potential significance in
cancer treatment. At the same time, Hussain et al. (2010)
reported that the M. piperita L. var. citrata essential oil
showed prominent cytotoxicity against breast cancer
(MCF-7) and prostate cancer (LNCaP) cell lines with 1C50
ranging from (43.5 + 2.1 to 95.7 £ 4.5 pg/mL). Abirami
and Nirmala (2014) showed that the M. piperita ethanolic
extract revealed a cytotoxicity against human laryngeal
epidermoid carcinoma with IC50 = 94 pug/mL. In addition,
Ogaly et al. (2018) reported thatthe M. piperita L.
essential oil exhibited a protective property against
hepatotoxicity.

Furthermore, the results illustrated that the mRNA
expression of key apoptotic regulators Bax, Bcl-2 and
caspase-3 was altered following the S. montana L. and M.
piperita L. var. citrata cell lines treatment. This is
supported by Abd EIl Tawab et al. (2014) who showed that
the S. montana extract protects the rat testis against
cyclophosphamide-induced damage via anti-oxidative and
anti-apoptotic mechanisms. Yfanti et al. (2015) concluded
that the S. horvatii showed anticancer activity through
A549 cell apoptosis. In addition, Jain et al. (2011) showed
that M. piperita induced significant dose and time-
dependent anticarcinogenic activity, leading to cell cycle
arrest and mitochondrial-mediated  apoptosis, and
upregulation of Bax, p53 and p2l1 genes in the treated
cells. Bax expression is upregulated by the tumor
suppressor protein (p53), and it was shown to be involved
in the p53-mediated apoptosis. The results of the present
work demonstrated that the S. montana L. and M. piperita
L. var. citrata treatment increased Bax expression in the
HepG2 cells.

Caspase-3-mediated proteolysis is an important
element of the mitochondria mediated apoptotic process.
Active caspase-3 comprises a heterodimer of 17- and 112-
kDa subunits that in turn are resultant from a 32-kDa
proenzyme, a marker for apoptotic cells. Active caspase-3
proteolytically cleaves and activates other caspases and
relevant targets in the cytoplasm (Jain et al., 2011). The
same signaling pathway was identified in the HepG2 cells
and evaluated in the present study. Caspase-3 activation
was previously confirmed to increase following the
treatment of the cells with Satureja montana L.
(Bhattacharjee & Chatterjee, 2013). Ferreira et al. (2014)
found that the M. piperita L. essential oil fatal cytotoxicity
is linked with the increased levels of intracellular ROS,
mitochondrial fragmentation, and chromatin condensation,
without loss of the plasma membrane integrity, indicative
of an apoptotic process. The S. montana L. constituents
interact with mitochondrial membranes and alter their
permeability by opening transition pores decreasing the
potential of the mitochondrial membrane (Abd El Tawab
et al., 2014). Therefore, S. montana L. induces structural
changes and increases the mitochondrial membrane
unsaturation. This mitochondrial alteration may affect the
activity of pro-and anti-apoptotic proteins of the Bcl-2
family. It was previously demonstrated that S. montana L.
contributes to the downregulation of the anti-apoptotic
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molecule Bcl-2 expression, and blocks lipid peroxidation
that inhibits the apoptosis induction (Cetkovic et al.,
2007).

5. Conclusion

Based on earlier literature and the data of the present
study, it was hypothesized that the S. montana L. and M.
piperita L. var. citrata aqueous extracts or essential oils
induce human hepatocellular carcinoma cell apoptosis.
The signal transduction occurs via the caspase-3 signaling
pathway. Extra investigation on this signaling pathway is
necessary to clarify their function in tumor invasion and
survival.

References

Abdel-Massih RM, Fares R, Bazzi S, EI-Chami N and Baydoun E.
2010. The apoptotic and anti-proliferative activity of Origanum
majorana extracts on human leukemic cell line. Leukemia Res,
34:1052-1056.

Abd El Tawab AM, Shahin NN, and Abdel Mohsen MM. 2014.
Protective effect of Satureja montana extract on cyclo-
phosphamide-induced testicular injury in rats. Chemico-Biol
Interactions, 224(5): 196-205.

Abirami SKG and Nirmala P. 2014. A comparative in vitro study
of anticancer effect of Mentha piperita, Ocimum Basilicum and
Coleus aromaticus against human laryngeal epidermoid
carcinoma (HEP-2) cell lines. J Med Plants Stud, 2(1): 6-9.

Adaszynska S M and Dzieciol M. 2017. Comparison of phenolic
acids and flavonoids contents in various cultivars and parts of
common lavender (Lavandula angustifolia) derived from Poland.
Nat Prod Res, 31(21): 2575-2580.

Al-Okbi S Y, H HM Fadel and Mohamed D  A.2015.
Phytochemical constituents, antioxidant and anticancer activity
of Mentha citrata and Mentha longifolia. Res J Pharmaceutic
Biol Chem Sci, 6(1): 739-751

Avrunasree K M. 2010. Anti-proliferative effects of carvacrol on a
human metastatic breast cancer cell line, MDA-MB 231.
Phytomed, 17(8-9): 581-588, 2010.

Balogh J, Victor D, Asham E H, Burroughs S G, Boktour
M, Saharia A, Li X, Ghobrial R M and Monsour Jr H P.
2016. Hepatocellular carcinoma: a review. J Hepatocell
Carcinoma, 3:41-53.

Benabdallah A, Rahmoune C, Boumendjel M, Aissi O, Messaoud
C. 2016. Total phenolic content and antioxidant activity of six
wild Mentha species (Lamiaceae) from northeast of Algeria.
Asian Pac J Trop Biomed, 6(9): 760-766.

Bhattacharjee B and Chatterjee J. 2013. Identification of
proapoptopic, anti-inflammatory, anti-proliferative, anti-invasive
and anti-angiogenic targets of essential oils in cardamom by dual
reverse virtual screening and binding pose analysis. Asian Pac J
Cancer Prevent, 14:3735-3742.

Berridge MV, Herst PM and Tan AS. 2005. Tetrazolium dyes as
tools in cell biology: New insights into their cellular reduction.
Biotechnol Annu Rev, 11: 127-52.

Capuzzo A and Maffei ME. 2016. Molecular fingerprinting of
peppermint (Mentha piperita) and some Mentha hybrids by
sequencing and RFLP analysis of the 5S rRNA Non-Transcribed
Spacer (NTS) region. Plant Biosyst, 150 (2): 236-243.

Cetkovic GS, Canadanovic-Brunet J M, Djilas S M, Tumbas V
T, Markov S L and Cvetkovic D D.2007. Antioxidant potential,
lipid peroxidation inhibition and antimicrobial activities

of Satureja montana L. subsp. kitaibelii extracts. Int J Mol Sci,
8(10): 1013-102

Chinou |, Liolios C, Moreau D and Roussakis C. 2007.
Cytotoxic activity of Origanum dictamnus. Fitoterapia , 78:
342-344,

Darzi ES and Amirghofran Z. 2016. Dichloromethane fraction of
Melissa officinalis induces apoptosis by activation of intrinsic and
extrinsic  pathways in  human leukemia cell lines.
Immunopharmacol Immunotoxicol , 35:313-320.

de Oliveira TL, Soares A R, Ramos M E, Cardoso M G, Alves E
and  PiccoliH R. 2011. Antimicrobial activity of Satureja
montana L. essential oil against Clostridium perfringens type A
inoculated in mortadella-type sausages formulated with different
levels of sodium nitrite. Int J Food Microbiol, 144(3): 546-555.

Dunkic V, Bezic N, Vuko E and Cukrov D. 2010. Antiphytoviral
Activity of Satureja montana L. ssp. Variegate (Host) P. W. Ball
essential oil and phenol compounds on CMV and TMV.
Molecules, 15: 6713-6721.

Elgndi MA, Filip S, Pavlic B, Vladic J, Stanojkovic T, Zizak Z
and Zekovic Z. 2017. Antioxidative and cytotoxic activity of
essential oils and extracts of Satureja montana L., Coriandrum
sativum L. and Ocimum basilicum L. obtained by supercritical
fluid extraction. J Supercrit Fluids, 128:128-137.

El-Serag HB and Rudolph KL. 2007. Hepatocellular carcinoma:
Epidemiology and molecular carcinogenesis. Gastroenterol.,
132:2557-2576.

Ferreira P, Cardoso T, Ferreira F, Fernandes-Ferreira M, Piper
P and Sousa J M. 2014. Mentha piperita essential oil induces
apoptosis in yeast associated with both cytosolic and
mitochondrial ROS-mediated damage. FEMS Yeast Res,
14(7):1006-1014.

Fitsiou E, Anestopoulos I, Chlichlia K, Galanis A, Kourkoutas I,
Panayiotidis Ml and Pappa A. 2016. Antioxidant and
antiproliferative properties of the essential oils of Satureja
thymbra and Satureja parnassica and their major constituents.
Anticancer Res. 36:5757-5746.

Grosso C, Oliveira A C, Mainar AM, Urieta J S, Barroso J G
and Palavra A M. 2009. Antioxidant activities of the supercritical
and conventional Satureja montana extracts. J Food Sci, 74:
C713-C717.

Hadian J, Akramian M, Heydaria H, Mumivand H and Asghari
B. 2012. Composition andin vitro antibacterial activity of
essential oils from four Satureja species growing in Iran. Nat Prod
Res, 26:98-108.

Hassanein HD, Said-Al Ahl HAH and Abdelmohsen MM. 2014.
Antioxidant polyphenolic constituents of Satureja Montana L.
Growing in Egypt. Int J Pharm Pharm Sci, 6(4):578-581

Hussain Al, Anwar F, Nigam PS, Ashraf M and Gilani AH.2010.
Seasonal variation in content, chemical composition and
antimicrobial and cytotoxic activities of essential oils from four
Mentha species. J Sci Food Agric, 90 (11): 1827-1836.

Jafari F, Ghavidel F and Zarshenas MM. 2016. A critical
overview on the pharmacological and clinical aspects of popular
Satureja species. J Acupunct Meridian Stud, 9: 118-127.

Jain D, Pathak N, Khan S, Venkata RG, Bhargava A, Samarth R
and Kumar M P. 2011. Evaluation of cytotoxicity and
anticarcinogenic potential of Mentha leaf extracts. Int J Toxicol
30(2): 225-236.

Lahlou M. 2004. Essential oils and fragrance compounds:
bioactivity and mechanisms of action. Flavour Fragr J, 19: 159-
165.

Lerebour G, Lartaud P and Lacroix B. 2014. Essential oil of
Satureja montana with a high geraniol content and use for treating


http://www.sciencedirect.com/science/article/pii/S000927971400341X#!
http://www.sciencedirect.com/science/article/pii/S000927971400341X#!
http://www.sciencedirect.com/science/article/pii/S000927971400341X#!
http://www.sciencedirect.com/science/journal/00092797
http://www.sciencedirect.com/science/journal/00092797
http://www.sciencedirect.com/science/journal/00092797/224/supp/C
https://www.ncbi.nlm.nih.gov/pubmed/?term=Balogh%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27785449
https://www.ncbi.nlm.nih.gov/pubmed/?term=Victor%20D%5BAuthor%5D&cauthor=true&cauthor_uid=27785449
https://www.ncbi.nlm.nih.gov/pubmed/?term=Asham%20EH%5BAuthor%5D&cauthor=true&cauthor_uid=27785449
https://www.ncbi.nlm.nih.gov/pubmed/?term=Burroughs%20SG%5BAuthor%5D&cauthor=true&cauthor_uid=27785449
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boktour%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27785449
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saharia%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27785449
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20X%5BAuthor%5D&cauthor=true&cauthor_uid=27785449
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghobrial%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=27785449
https://www.ncbi.nlm.nih.gov/pubmed/?term=Monsour%20HP%5BAuthor%5D&cauthor=true&cauthor_uid=27785449
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5063561/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5063561/
https://www.ncbi.nlm.nih.gov/pubmed/?term=%26%23x00106%3Betkovi%26%23x00107%3B%20GS%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=%26%23x0010c%3Banadanovi%26%23x00107%3B-Brunet%20JM%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Djilas%20SM%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tumbas%20VT%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Markov%20SL%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cvetkovi%26%23x00107%3B%20DD%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3871840/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mumivand%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21827283
https://www.ncbi.nlm.nih.gov/pubmed/?term=Asghari%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21827283
https://www.ncbi.nlm.nih.gov/pubmed/?term=Asghari%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21827283
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hong%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=21887465
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=21887465
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peng%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21887465

258 © 2019 Jordan Journal of Biological Sciences. All rights reserved - Volume 12, Number 3

greasy skin and/or the associated aesthetic defects. US Patents No.
US20160095812 Al.

Lin J M, Wei L H, X u W, Hong Z, Liu X and Peng J. 2011.
Effect of Hedyotis diffusa wild extract on tumor angiogenesis.
Mol Med Rep, 4: 1283-1288.

Ling CQ, Yue XQ and Ling C. 2014.Three advantages of using
traditional Chinese medicine to prevent and treat tumor. J Integr
Med, 12(4):331-5.

Menichini F, Tundis R, Bonesi M, Loizzo MR, Conforti F, Statti
G, De Cindio B, Houghton PJ and Menichini F. 2009.The
influence of fruit ripening on the phytochemical content and
biological activity of Capsicum chinense Jacq. cv Habanero.
Food Chem, 114: 553-560

Nemati Z, Talebi E, Khosravinezhad M and Golkari H. 2018.
Chemical composition and antioxidant activity of Iranian Satureja
montana. Sci Int, 6 (1): 39-43.

Ogaly A H, Eltablawy A N and Abd-Elsalam M R. 2018.
Antifibrogenic influence of Mentha piperita I. essential oil against
ccly-induced liver fibrosis in rats. Oxid Med Cell Longev,
2018:1-15.

Oyaizu, M. 1986. Studies on product of browning reaction
prepared from glucose amine. Jpn. J. Nutr, 44: 307-315.

Pereira RO and Cardoso SM. 2013. Overview on Mentha and
Thymus polyphenols. Curr Anat Chem, 9:382-396.

Piaru S P, Mahmud R, Majid A M S A, Ismail S and Man C N.
2012. Chemical composition, antioxidant and cytotoxicity
activities of the essential oils of Myristica fragrans and Morinda
citrifolia. J Sci Food Agric, 92:593-597.

Poon D, Anderson BO, Chen LT, Tanaka K, Lau WY, Van
Cutsem E, Singh H, Chow WC, Ooi LL, Chow P, Khin MW and
Koo WH. 2009. Management of hepatocellular carcinoma in
Asia: Consensus Statement from the Asian Oncology Summit.
Lancet Oncol, 10:1111-1118.

Rasoanaivo P, Randriana R F, Maggi F, Nicolettid M, Quassinti
L, Bramuccic M, Lupidic G, Petrellie D, Vitali L A, Papa F and
Vittori S. 2013. Chemical composition and biological activities of
the essential oil of Athanasia brownie Hochr. (Asteraceae)
endemic to Madagascar. Chem Biodivers, 10(10):1876-1886.

Raza A and Sood G K . 2014. Hepatocellular carcinoma review:
Current treatment, and evidence-based medicine. World J
Gastroenterol, 20 (15): 4115-4127.

Rey M J, Pujol P, Callier P, Cavailles V, Freiss G, Maudelonde T
and Brouillet P J. 2000. Semi quantitative reverse transcription-
polymerase chain reaction to evaluate the expression patterns of
genes involved in the oestrogen pathway. J Mol Endocrinol, 24:
433-440.

Sharifi-Rad J, Sharifi-Rad M, Hoseini-Alfatemi M S, Iriti M,
Sharifi-Rad M and Sharifi-Rad M. 2015. Composition, cytotoxic
and antimicrobial activities of Satureja intermedia C.A.Mey
essential oil. Int J Mol Sci, 16 (8): 17812-17825.

Singleton VL, Orthofe R and Lamuela-Raventos RM.1999.
Analysis of total phenols and other oxidation substrates and
antioxidants by means of Folin Ciocalteu reagent. Meth Enzymol,
299: 152-178.

Spiridon |, Colceru S, Anghel N, Teaca CA, Bodirlau R and
Armatu A. 2011. Antioxidant capacity and total phenolic contents
of oregano (Origanum vulgare), lavender (Lavandula
angustifolia) and lemon balm (Melissa offcinalis) from Romania.
Nat Prod Res, 25(17): 1657-1661.

Sytar O, Hemmerich I, Zivcak M, Rauh C and Brestic M.
2018. Comparative analysis of bioactive phenolic compounds
composition from 26 medicinal plants. Saudi J Biol Sci, 25(4):
631-641.

Thaipong K, Boonprakob U and Crosby K. 2006. Comparison
of ABTS, DPPH, FRAP and ORAC assays for estimating
antioxidant activity from guava fruit extracts. J Food Comp Anal,
19: 669-675.

Thomas M. 2009. Molecular targeted therapy for hepatocellular
carcinoma. J Gastroenterol, 44 (Suppl 19):136 —-141.

Trifan A, Sava D, Bucur L, Vasincu A, Vasincu |, Aprotosoaie
AC, Cioancd O and Miron A. 2015. Isolation, characterization
and antioxidant activity of the crude polysaccharide from
phyllophora pseudoceranoides. Rev Med Chir Soc Med Nat lasi,
119(2):603-609.

Vagionas K, Graikou K, Ngassapa O, Runyoro D and Chinou 1.
2007. Composition and antimicrobial activity of the essential oils
of three Satureja species growing in Tanzania. Food Chem, 103:
319-324.

Yamaguchi T1, Takamura H, Matoba T and Terao J. 1998. HPLC
method for evaluation of the free radical-scavenging activity of
foods by using 1, 1-diphenyl-2-picrylhydrazyl. Biosci Biotechnol
Biochem, 62 (6):1201-4.

Yfanti P, Batistatou A, Manos G and Lekka M E. 2015. The
aromatic plant Satureja horvatii ssp. macrophylla induces
apoptosis and cell death to the A549 cancer cell line. Am J Plant
Sci, 6: 2092-2103.

Zapata B, Betancur L G, Duran C and Stashenko E. 2014.
Cytotoxic activity of Asteraceae and Verbenaceae family essential
oils. J Essent Oil Res, 6:50-57.

Zhishen J, Mengcheng T and Jianming W. 1999.The
determination of flavonoid contents in mulberry and their
scavenging effects on superoxide radicals. Food Chem, 64: 555—
559.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Raza%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24764650
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tanaka%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19880065
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lau%20WY%5BAuthor%5D&cauthor=true&cauthor_uid=19880065
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Cutsem%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19880065
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Cutsem%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19880065
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19880065
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chow%20WC%5BAuthor%5D&cauthor=true&cauthor_uid=19880065
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ooi%20LL%5BAuthor%5D&cauthor=true&cauthor_uid=19880065
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chow%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19880065
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khin%20MW%5BAuthor%5D&cauthor=true&cauthor_uid=19880065
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koo%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=19880065
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sood%20GK%5BAuthor%5D&cauthor=true&cauthor_uid=24764650
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3989948/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3989948/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4581223/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4581223/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4581223/
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Trifan%20A%5BAuthor%5D&sort=ac&from=/26204674/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Sava%20D%5BAuthor%5D&sort=ac&from=/26204674/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Bucur%20L%5BAuthor%5D&sort=ac&from=/26204674/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Vasincu%20A%5BAuthor%5D&sort=ac&from=/26204674/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Vasincu%20I%5BAuthor%5D&sort=ac&from=/26204674/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Aprotosoaie%20AC%5BAuthor%5D&sort=ac&from=/26204674/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Aprotosoaie%20AC%5BAuthor%5D&sort=ac&from=/26204674/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Cioanc%C4%83%20O%5BAuthor%5D&sort=ac&from=/26204674/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Miron%20A%5BAuthor%5D&sort=ac&from=/26204674/ac
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamaguchi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=9692204
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takamura%20H%5BAuthor%5D&cauthor=true&cauthor_uid=9692204
https://www.ncbi.nlm.nih.gov/pubmed/?term=Matoba%20T%5BAuthor%5D&cauthor=true&cauthor_uid=9692204
https://www.ncbi.nlm.nih.gov/pubmed/?term=Terao%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9692204
https://www.ncbi.nlm.nih.gov/pubmed/9692204
https://www.ncbi.nlm.nih.gov/pubmed/9692204









https://www.ncbi.nlm.nih.gov/protein/554620244
https://www.ncbi.nlm.nih.gov/protein/554620262
https://www.ncbi.nlm.nih.gov/protein/1177647588
https://www.ncbi.nlm.nih.gov/protein/554620178



https://www.ncbi.nlm.nih.gov/protein/554620244
https://www.ncbi.nlm.nih.gov/protein/554620178
https://www.ncbi.nlm.nih.gov/protein/1177647588
https://www.ncbi.nlm.nih.gov/protein/554620262



https://www.ncbi.nlm.nih.gov/protein/554620262
https://www.ncbi.nlm.nih.gov/protein/1177647588
https://www.ncbi.nlm.nih.gov/protein/554620244
https://www.ncbi.nlm.nih.gov/protein/554620178










Volume 12, Number 3,August 2019
ISSN 1995-6673
Pages 267 - 273

JJIBS

Jordan Journal of Biological Sciences

Evaluation of Repellent Potential of Some Botanical Products
against Cowpea Weevil, Callosobruchus maculatus (Fabricius)
(Coleoptera: Bruchidae)

1,* . . L2
Ito E. Edwin and Anigboro O. Fidelis

1
Tropical Disease Research Unit, Department of Animal and Environmental Biology, Delta State University, P.M.B 1, Abraka; 'Department

2
of Biology/Microbiology, Delta State Polytechnic, P.M.B 03 Otefe-Oghara; Department of Biology, College of Education Agbor, Delta
State, Nigeria.

Received July 6, 2018; Revised September 9, 2018; Accepted October 8, 2018

Abstract

The powder and crude extracts from five plant species, namely garlic (Allium sativum), manjack or drum tree (Cordia
millenii), African or calabash nutmeg (Monodora myristica), negro-pepper (Xylopia aethiopica), and ginger (Zingiber
officinale) were tested for their repellent activity against Callosobruchus maculatus (F.) adults through the cup bioassay
technique and filter paper repellency method in the laboratory. C. millenii was the most superior repellent against C.
maculatus. Results indicated that the repellent efficacy of the botanical materials followed this trend: C. millenii > Z.
officinale > A. sativum > X. aethiopica > M. myristica. The former two plants generated a repellency of 66.0% and 65.4%,
respectively; Class IV repellency (60.1-80.0%). Whereas, A. sativum, X. aethiopica and M. myristica caused a repellency of
50.3, 49.9 and 45.5%, respectively; Class I11 repellency (40.1-60.0%). The repellent effect on C. maculatus at the application
doses of the powders of the selected plant species were statistically significant. There was also a significant difference in
repellency due to various concentrations of the extracts of selected plant species with high correlation coefficients and
positive significance compared to the powder treatment. Thus, % repellency increased according to doses and concentrations

of the tested botanical products and due to the increase in the exposure period.

Keywords: Repellency, Callosobruchus maculatus, Botanical products, Bioassay and repellents.

1. Introduction

Callosobruchus  maculatus  (Fab.), a bruchid
coleopteran commonly known as cowpea weevil, is a
severe insect pest of stored grains including cowpea seeds
(Vigna unguiculata (L.) in Sub-Sahara Africa (Al-Moajel
and Al-Fuhaid, 2003) where it is responsible for up to a
100 % loss/damage of the seeds in storage and weight loss
of about 60 % (Gbaye et al., 2011). Caswell (1981)
reported a loss of about 50 % of stored cowpea seeds,
three-four months postharvest in Northern Nigeria, and 60
% cowpea seed loss to cowpea weevil in Northern Ghana
(Tanzubil, 1991). The damage of this magnitude is
incredibly high, and demonstrates the destructive nature of
the pest which can threaten food security at both
household and national levels. This is a major agricultural
problem for farmers in developing countries (Ito and
Ighere, 2017a).

Cowpea seeds damaged by bruchids are unfit for
consumption, sales and planting because of perforation,
weight reduction, overall unacceptability in markets and
the impaired germination of the seeds (Ito and Ighere,
2017b; Uyi and Obi, 2017). Consequently, farmers are
compelled to sell their products early after harvest when

“ Corresponding author e-mail: ito.eddie@yahoo.com.

prices are still low partly because of anticipated losses of
the grain in storage (Ito and Ighere, 2017a). This is a major
and worrisome agricultural problem facing farmers in
developing countries. Cowpea is an important source of
dietary protein in tropical and subtropical regions of the
world especially where availability and consumption of
animal protein is low (Ofuya, 1991). The protection of
cowpea against C. maculatus infestation and damage is
necessary because of its economic importance as revenue
source and constituent articles of diet.

Several control measures have been adopted over the
years to curtail the menace of storage insect pests (Boeke
et al., 2004; Ogbonna et al., 2016; Ito and Ighere, 20173;
Uyi and Obi, 2017; Ito and Utebor, 2018). Synthetic
insecticides such as Dichlorodiphenyltrichloroethane
(DDT) and Lindane (Srivastava and Pant, 1998) as well as
botanical products including ashes, powders, and oil have
been applied traditionally in the control of insects. The use
of plant-derived insecticides was abandoned in favour of
synthetic insecticides discovered in 1940s. However, the
human-made insecticides became unpopular and wasteful
(Ewete et al., 1996) owing to their prohibitive cost and
technical difficulty of application by the majority of
African peasant farmers. Besides, these insecticides are
inimical to the environment because of toxic residues in
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food, pest resistance, and their negative impact on non-
target beneficial insects (Cherry et al., 2005). These
deficiencies made farmers shift away from the reliance on
synthetic chemicals towards the use of plant materials to
protect plants and stored-food products because they are
biodegradable, environmentally-safe, and can delay pest
resistance (Ito and Ighere, 2017b).

This study is carried out to determine the repellent
potential of the powder and crude extracts from five spicy
plant species relative to one another at various doses and
concentrations against cowpea weevil C. maculatus.

2. Materials and Methods

2.1. Plant Materials

The plant species used for the study included garlic
(Allium sativum; Family: Amaryllidaceae), manjack
(Cordia  millenii; Family: Boraginaceae), nutmeg
(Monodora myristica; Family: Myristicaceae),
negropepper (Xylopia aethiopica; Family: Annonaceae)
and ginger (Zingiber officinale; Family Zingiberaceae).
The plant parts used were: bulb, seed, seed, fruit and
rhizome, respectively. The plant materials were obtained
from a local market in Abraka, Delta State, Nigeria, and
were processed into powder and crude extracts.

2.2. Preparation of Plant Powders

The plant materials were cut into smaller fragments and
dried under the sun for seven days (Ito and Ighere, 2017a)
and were later maintained in an oven at 60 °C for five-ten
minutes to ensure that the plant materials were dried to
constant weight. This treatment was to make sure that the
extracts derived from them were devoid of water. The dry
plants’ materials were each pulverized with the aid of a
Binatone electric blender (Model: BLG-400) and sieved
through a fine mesh to obtain the powder which was stored
in separate labelled airtight bottles to avoid loss of potency
(Ito and Ukpohwo, 2018) until required for the repellency
test (Okonkwo and Okoye, 1996).

2.3. Preparation of Crude Extracts

The extracts of each plant species were prepared by
weighing out 25.0, 37.5 and 50.0 g from the milled powder
into three separate 1000ml capacity glass jars and adding
500 mL of 95% ethanol (solvent) into the jars. These
preparations corresponded to the concentrations of 50.0,
75.0 and 100.0 mg™ respectively. The jars containing the
extract were shaken regularly and stirred vigorously with a
glass rod for a period of three days before filtering using a
filter paper (Whatman no. 1). The filtrates were
concentrated by a slight application of heat in a water-bath
system to evaporate the solvent. Viscous extracts were
obtained and stored in airtight bottles in a refrigerator
maintained at 5-10 °C until ready for use.

2.4. Culturing of Callosobruchus maculatus

The cowpea weevil, C. maculatus, was reared on
cowpea grain by the method of Ito and Ighere (2017a) with
modification in plastic containers (1.0 kg). Seeds of
Cowpea (Vigna unguiculata) that were apparently un-
infested with C. maculatus and those heavily infested were
obtained from traders at a local market in Abraka, Delta
State. Batches of 500g un-infested cowpea seeds were
placed in each of the seven plastic containers used for the

culture. Adult cowpea weevils were picked from the
infested cowpea seeds to establish the stock from which
batches of 100 unsexed weevils were taken and placed in
each culture container. The containers were then covered
with polythene nets fastened with rubber bands and were
kept for seven days for mating and oviposition to occur.
The parent weevils were then removed, and the culture
was kept for 65-70 days (Ito and Ighere, 2017a). The adult
first filial generation (F1) weevils that emerged were taken
and used for the study.

2.5. Repellency Bioassay with Plants’ Powder

Repellency bioassay of the plants’ powders against C.
maculatus was carried out using the cup bioassay
techniques of Kumar et al. (2004). The cup is a perforated
cylinder (10 cm X 7 cm) made of thin aluminum sheet and
covered at one end with a lid bearing pores through which
weevil could move into a plastic container on which the
cup was suspended. The container with the cup was placed
in a trough where the weevils that emigrated through the
pores in the cup were collected.

The plants’ powders were tested at four doses (1.0, 2.0,
3.0 and 4.0g), and were compared with dimethylphthalate,
a standard synthetic repellent, at the same doses under
laboratory conditions (28-32°C and 65-75 % R.H). The
apparently un-infested cowpea seeds used as substrate
were kept in a refrigerator under freezing conditions for
four days; this is to kill any residual weevil in the seeds in
order to safeguard against unwanted weevil infestation.
The seeds were then equilibrated to the ambient laboratory
conditions for five days prior to the test.

The disinfested cowpea seeds were weighed in batches
of 200g and mixed thoroughly with 1.0-4.0g of the powder
of each plant material (1.0, 2.0, 3.0 and 4.0g per 200g wt:
wt, powder: substrate). Dimethylphthalate (1.0-4.0g) was
also mixed thoroughly with 200g cowpea substrate. Three
replicates were prepared for each treatment and the
control. The admixtures were transferred to the bioassay
cups designated for the doses.

Twenty unsexed adult F; C. maculatus were carefully
picked from the culture with aspirator and were released
through a long-stemmed funnel into each bioassay cup of
substrate powder admixture. A control experiment
consisting of 200g cowpea substrate and twenty adult C.
maculatus without powder was set up. The cowpea
weevils were exposed to treatments for 168 hours for each
plant dose. Repellency was observed every twenty-four
hours for 168 hours (a seven-day exposure period)
according to FAO Bulletin (1999) for all plant types at
different concentrations.

2.6. Repellency Test with the Plants’ Extracts

Repellency of the experimental plants’ extracts against
C. maculatus at various concentrations (50.0, 75.0 and
100.0mg™) was determined by filter paper repellency
method (McDonald et al., 1970). Filter papers (Whatman
no. 1) were laminated with aluminium foil and were cut
into equal halves and separated into two groups (A and B).
Group A filter papers were further divided into three
portions marked as A;, A, and A;. The latter were treated
with 50.0, 75.0 and 100mg™ extracts, respectively. Each
treated paper was made triplicate and air-dried overnight to
evaporate the ethanol solvent. Group B half filter papers
were not treated and served as control. The treated and un-
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treated half filter papers were carefully attached, edge to
edge, lengthwise with sellotape on the reverse side to
produce full filter papers. Each full filter paper was placed
in a petri dish with the seams of the papers oriented in one
of three randomly selected different directions to avoid any
incidental stimulus that could affect the distribution of the
weevils.

Ten adult unsexed C. maculatus were released into the
centre of each full filter paper in the petri dishes before
covers were placed over them. Repellency was observed at
every hour for five hours. Mean of percentage repellency
was calculated, and the values were used to assign
repellency class for the tested plant materials using Jilani
and Su scale (1983).

2.7. Statistical Analysis

The percentage repellency was calculated at every
twenty-four hours of exposure for each plant species using
the equation:

Repellency (%) = 100 z n,-n,
n3

> = Summation; n, = Initial number of weevils per replicate; n, =

Final number of weevils per replicate; n; = total
number of weevils per triplicate treatment. The data obtained were
subjected to Analysis of Variance (ANOVA) for treatment means
comparison; significant differences for treatment means were
compared at 0.05 significant level.

3. Results

3.1. Repellent Effects of Plants’ Powder Formulation

The strongest repellent effect against C.
maculatus across doses (1.0 - 4.0 g) over 168 hours of
exposure was C. millenii, followed by Z. officinale, A.
sativum, X. aethiopica and M. myristica; the range of the
cumulative percentage repellency at the lowest (1.0 g) and
highest dose (4.0 g) were 75.0 - 98.3, 70.0 - 96.6, 73.3 -

95.0, 61.6 - 90.0 and 60.0 - 88.3, respectively. All the
tested plants’ powders, except M. myristica at low doses,
were comparable and/or more repellent against C.
maculatus than dimethyl phthalate, the standard repellent
(Table 1). The ranking for these plant powders is: C.
millenii (98.3 %) > Z. Officinale (96.6 %) > A. sativum
(95.0 %)> X. aethiopica (90.0 %) > Dimethylphthalate
(88.3 %) = M. myristica (88.3 %). The cumulative mean
repellency of C. maculatus was affected by the dose of the
plants’ powders over 168 hours (Figure 1). Statistically, a
two-way Analysis of variance (ANOVA) showed a
significant difference (P<0.05) in the concentrations (F
= 649.50; P = 7.4x10"%) of the plants’ powders and plants’
species (F = 5.33; P = 0.002) used, suggesting that plant
species’ powders and concentrations had significant effects
on C. maculatus repellency.

Results of the probit analysis for median repellencies
(RCx) of C. maculatus allowed determining the minimum
concentration required to repel 50 % of the weevils as
0.91, 1.05, 1.15, 1.28, 1.09 and 1.39 g concentrations of C.
millenii, Z. officinale, A. sativum, X. aethiopica,
dimethylphthalate and M. myristica, respectively; in terms
of the weevils mortality (Figure 1). Furthermore, the
regression equations of the five plants suggested that the
regression repellency (correlation coefficient) of C.
maculatus and concentration of plants’ powders is highly
significant (P<0.001).

On the other hand, the effect of the different plants’
dusts on the pests varied resulting in significant differences
(p<0.05) in the mean repellency of the pest weevil over
the exposure period of 168 hours (Table 2). The repellency
ranking of these plants’ powders against C. maculatus,
showed the efficacy of these powders as repellent agents in
the following order: C. millenii (89.6 %) > Z. Officinale
(86.2 %) > A. sativum (82.5 %) > X. aethiopica (82.1 %) >
M. myristica (76.6 %).

Table 1. Overview of cumulative percentage repellency (Mean + S.E) of Callosobruchus maculatus exposed to 1.0-4.0g plant powders over

168 hours*

Dose Plants’ Powders/C. maculatus repellency

@ C. millenii Z. officinale A. sativum X. aethiopica Dimethylphthalate M. myristica

0.0 0.04 + 0.002 0.04 + 0.002 0.04 £ 0.002 0.04 + 0.002 0.04 + 0.002 0.04 £ 0.002
(4.0) (4.0) (4.0 (4.0) (4.0) (4.0

1.0 0.75+ 0.1 0.7+ 0.09 0.73+ 0.09 0.61+ 0.07 0.73+ 0.09 0.6+ 0.07
(75.0) (70.0) (73.3) (61.6) (73.3) (60.0)

2.0 091+ 0.11 0.86 + 0.11 0.78+ 0.1 0.83+ 0.1 08+ 0.1 0.76 + 0.09
(91.6) (86.6) (78.3) (83.3) (80.0) (76.6)

3.0 0.93+ 0.12 091+ 0.11 0.83+ 0.11 0.86+ 0.11 0.86+ 0.11 0.81+ 0.1
(93.3) (91.6) (83.3) (86.6) (86.6) (81.6)

4.0 0.98 + 0.12 0.96 + 0.11 0.95+ 0.12 09+ 0.11 0.88+ 0.11 0.88+ 0.11
(98.3) (96.6) (95.0) (90.0) (88.3) (88.3)

*Each percentage (in parenthesis) is mean of triplicate observations with 20 weevils per replicate
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Figure 1. Median cumulative percentage repellency (RCso) of Callosobruchus maculatus exposed to five (5) plants’ powders at 168 hours

post-treatment with regression equations

Table 2. Ranking of repellent potentials of experimental plant
powders on Callosobruchus maculatus after 168 hours exposure

Repellency Ranking (%
Plant Powder P y 9 (%)

1 2n 31 4 5t
C. millenii 89.6
Z. officinale 86.2
A. Sativum 82.5
X. aethiopica 82.1
Dimethylphalate 82.1
M. myristica 76.6

3.2. Repellency of Plants’ Extracts

The repellency of C. maculatus to the plants’ extracts
of different concentrations over five hours is indicated in

the following trend (Table 3): At 50.mg™: C. millenii
(76.6 %) > X. aethiopica (63.3 %) > Z. officinale (60.0 %)
> A. sativum (53.3 %) > M. myristica (46.6 %) >
Dimethylphthalate (43.3 %) > Control (3.3 %). At 75mg’
m: C. millenii (86.6 %) > X. aethiopica (80.0 %) > Z.
officinale (76.6 %) > A. sativum (66.6 %) = M. myristica
> Dimethylphthalate (46.6 %) > Control (3.3 %). At
100.mg™: C. millenii (90.0 %) > X. aethiopica (83.3 %) =
Z. officinale > M. myristica (73.3 %) > A. sativum (66.6
%) = Dimethylphthalate > Control (3.3 %). The
cumulative mean percentage repellency produced at the
lowest (50.0mg™) and highest (100. Omg™) extract
concentrations against C. maculatus five hours after
treatment was in the range of 76.6 - 90.0, 63.3 - 83.3, 60.0
- 83.3,46.6 - 73.3 and 53.3 - 66.6 % for the extracts of C.
millenii, X. aethiopica, Z. officinale, M. myristica and A.
sativum, respectively (Table 3). Furthermore, data
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analysis showed a significant difference (p<0.05) in
mortality due to the concentrations of plants’ extracts
(F= 145.36; df = 3; P= 2.62x10™) and plants’ species (F =
6.51; df = 4; P = 0.0021), suggesting that the concentration
and plant species had a significant repellent effect on C.
maculatus.

Table 3. Survey of cumulative mean percentage repellency of
Callosobruchus maculatus exposed to different concentrations of
plants’ extracts 5 hours post-treatment

Conc. Experimental Plants’ Extracts/ Repellency (%)

(mg" c. X. z M. A. .

m A . - . . Dimethylphthalate
) millenii aethiopica officinale myristica sativum

0.0 33 33 33 33 33 33

500 76.6 63.3 60.0 46.6 53.3 433

75.0 86.6 80.0 76.6 66.6 66.6 46.6
100.0 90.0 83.3 83.3 73.3 66.6 66.6

The mean percentage of the repellency of the plant extracts
was in the following decreasing order: C. millenii > Z. officinale >
X. aethiopica > A. sativum > M. myristica versus the
Dimethylphthalate and the control of 454 % and 3.3 %,
respectively. Similarly, the repellency ranking of the plants’
extracts (100.0 mg™) was in the same order: C. millenii > X.
aethiopica = Z. officinale > M. myristica > A. sativum (Table 4).
However, all the extracts were more repellent than
dimethylphthalate.

Table 4. Repellency status of plants’ extracts in 100 mg™
treatment of Callosobruchus maculatus over 5 hours

Plants’ Repellency Status (%)

Extracts 15t ond 3rd 4h 5t
C. millenii 90.0

X. aethiopica 83.3

Z. officinale 83.3

M. myristica 73.3

A. Sativum 66.6

Data analysis showed that 50 % of C. maculatus were
repelled at the application of 41.30, 47.50, 49.95, 60.05,
60.0 and 74.10 mg'mI concentration of C. millenii, X.
aethiopica, Z. officinale, M. myristica, A. sativum and
dimethylphthalate, respectively (Table 5). Similar to the
powder treatments, the correlation coefficients of C.
maculatus and plants’ extracts were highly and positively
significant (P<0.001).

Table 5. Regression equation, correlation coefficient and median
repellency (RCso) of Callosobruchus maculatus over 5 hours of
plants’ extracts treatment

Spearman .
Plants’ Extracts Regression equation  correlation Correlation RCs
® (%)
C. millenii y =0.8954x + 13.757 0.8717 87.17 41.30
X. aethiopica y=0.8344x + 10.54  0.919 91.90 47.50
Z. officinale y =0.8265x + 9.3086 0.9427 94.27 49.95
M. myristica y =0.7275x + 6.5257 0.9698 96.98 60.05
A. Sativum y =0.6663x + 9.9714 0.8936 89.36 60.40
Dimethylphthalate y =0.6091x + 5.6857 0.9622 96.22 74.10
4. Discussion

Plant species having a repellent property prevent pest
damage of food like cereals and legumes as well as other
valuable substances in storage by rendering them
unpalatable or offensive to the pests, thereby, making the

pests avoid such materials. The repellent effectiveness of
the powder and crude extracts obtained from the tested
plants: A. sativum, C. millenii, M. myristica, X. aethiopica,
and Z. officinale against C. maculatus, was determined
under laboratory conditions using the cup bioassay and
filter paper repellency methods. The results of the study
indicated that all the plants’ dust constituted effective
repellents of the insect pest at the doses (1.0 — 4.0 g) and
concentrations (50.0 — 100.0mg™). Except for M.
myristica, all the other plants’ dust produced a higher
percentage repellency values than dimethylphthalate, the
standard repellent used in this study. However, the effect
of the different plants’ dust on the pests varied resulting in
significant differences (p<0.05) in the mean repellency of
the pests over the exposure period of 168 hours.
Repellency of the pest increased gradually throughout the
test period. The results indicated that the highest
repellency of the pest across the plants’ types over 168
hours was produced by the highest treatment of 4.09/200g
(Table 1). These findings agreed with the study of
Egwunyenga et al., (1997) who reported that the powders
and crude extracts of alligator pepper (Aframemum
melagueta) were most repellent against C. maculatus at the
highest dose of 0.6/20g substrate; this dose approximated
to 0.69/30g substrate in the current study.

The results of this study indicated that the M. myristica
powder produced the lowest percentage repellency values
against C. maculatus. M. myristica is strongly aromatic in
taste (Oparaeke and Dike, 2005) and has a delightful
fragrance due to its essential oil consisting mainly of p-
cymene (31.5 %), a-phellandrene (18.1 %), a-pinene (6.1
%), and B-piene (5.1 %) (Owolabi et al., 2009). These are
terpene  hydrocarbons, terpene  derivatives, and
phenylpropanoid. Despite the possession of these chemical
constituents, the M, myristica powder was the least
repellent. One plausible reason for this phenomenon may
be the ease with which nutmeg loses its fragrance when
pulverized into dust. It is, therefore, important that the
necessary amount of nutmeg powder to be used should be
grated from a whole nutmeg and used immediately to
prevent loss of potency. Alternatively, it may be expedient
to apply nutmeg as a whole undamaged nut instead of
grinding, and to use it as powder in order to achieve its full
potential as a repellent.

The extracts and powders of X. aethiopica in this study
ranked second and fourth with respective repellency values
of 83.3% and 82.1%. The high repellency values recorded
might be attributed to the presence of toxic complex
compounds like terpenes and their derivatives (Pérez et al.,
2010) among which are terpinen-4-ol, B-pinene, d-
terpineol, sabinene, 1,8-cineole, myrtenol and kaurane
derivatives (Ito et al., 2018). The toxicity of terpenes in X.
aethiopica against the Sitophilus oryzae (Byung-Ho et al.,
2001) and C. maculatus (Ito et al., 2018) have been
documented. Similarly, Keane and Ryan (1999) have
established that terpenes’ derivatives affect the nervous
system of the wax moth (Galleria melonella) by inhibiting
the enzymatic activities of acetylcholinesterase.

C. millenii was the most superior repellent of C.
maculatus. This may be attributed to its pungent aroma
due to the active chemicals (Sabinene, pinene, camphene
among others) in the plant material. The repellent activity
of garlic (A. sativum) against C. maculatus may be
ascribed to its various sulphur compounds which are
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responsible both for garlic pungent odour and many of its
pharmacological properties. Garlic contains sulphur
compounds and other chemical constituents which may be
responsible for the repellency in this study. Negro pepper
contains essential oils which consist of beta-pinene, 1,8-
cineol and alpha-terpineol (Motheshard, 2009).

The powders and extracts of Z. officinale rhizome
ranked second after C. millenii in terms of repellency
against C. maculatus at the different concentrations used.
The major phytochemicals in Z. officinale are a-
zingiberene (28.9 %), B-sesquiphellandrene (13.1 %), z-y-
bisabolene (12.5 %) and arcurcumene (11.3 %) (Owolabi
et al., 2009). The monoterpenoids (R)-linalool and (S)-2-
heptanol found in the Z. officinale oil extracts and other
monoterpenoids and Citral have been shown to be good
repellents to Tribolium castneum and Rhyzopertha
dominica (Ukeh and Umoetok, 2011). These chemicals in
the test plants may be responsible for the pungent odour
that repelled the insect pest. The repellency results of 86.2
% (powder) and 83.3 % (extract) offered by Z. officinale in
this study are comparable to Ogbonna et al. (2016) who
found the Z. officinale powder and oil to cause a
repellency of 100 % to C. maculatus after four days at the
application of 700 pl/mL. The repellency of insect pests
may generally be attributed to the chemosensory effects of
plants’ secondary metabolites as terpenes which insects
take up through their respiratory system (Xie et al., 1995).

In this study, C. maculatus responded differently to the
repellent effects of the plants’ products in accordance with
its behavioural tendency. The weevil is a fast moving
insect (Mohan and Field, 2002). Hassanli et al., (1990)
reported the effective repulsion of C. maculatus to wild
basil plant (Ocimum suave) one hour after treatment. The
high percentage emigration may be attributed to the fast
movement of the pest from the substrates.

This current study indicated further that repellency was
more dependent on concentration than exposure time.
Dose-dependent repellency has been reported by Mohan
and Field (2002) and Egwunyenga et al., (2000).
Furthermore, the repellency of the pests was relatively
higher during the first forty-eight hours of exposure, and
thereafter, an additional repellency value decreased
progressively. This may probably be attributed to the loss
of potency due to the vapourization of the active chemicals
in plants’ products.

5. Conclusion

The use of botanical products prevents several insect
pests from infesting stored food products. The five plants
tested in this study exhibited varying degrees of repellency
against C. maculatus. On this basis, local farmers are
advised to use these plants’ materials to protect cowpea
seeds in storage against weevil infestation. Based on the
efficacy of the plants used, it is recommended that similar
investigations of different plants’ species be carried out to
further ascertain their efficacy against C. maculatus or/and
other storage pests. It is, therefore, expedient to control
weevil populations to a tolerable limit in storage since a
higher bruchid population results in a higher level of
stored grain damage.
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Abstract

This study is aimed at evaluating performance of the indirect ELISA for the diagnosis of oestrosis versus the rapid easy
assay of Dot- ELISA which could be directly used in the field. Two hundred and forty head of sheep were examined in a
Cairo abattoir over the period from May 2017 to May 2018. Sera were collected from each examined sheep and preserved in
-20 ‘C. The Anterior cone (AC) of third-stage larvae of Oestrus ovis were prepared. Hyperimmune sera were processed in
rats using the anterior part of the larvae (AC); ELISA and Dot- ELISA tests were done after checkerboard titration. The
lowest antigen concentration which gives positive results in ELISA was 10 ug protein, whereas the concentration used in the
Dot- ELISA was 200 ng/pL, with the sera dilution being 1:100 in the two tests. The two tests were performed with known O.
ovis-positive and negative sheep sera and known hyperimmunized rat sera against AC of O. ovis, as well as known sera for
Coenurus cerebralis, Dictyocaulus filaria and Haemonchus contortus without an O. ovis infection. Two hundred out of the
two-hundred and forty examined sheep were positive for O. ovis larvae at post mortem. High optical density (O.D.) values
ranging from 0.9- 2 were estimated in the sheep infected with the second and third-stage larvae. On the other hand, O.D.
values varying from 0.9 to 1.6 were recorded when sheep (95 sheep) were infected only with the third-stage larvae of O.
ovis. The results of the current study confirm that Dot-ELISA had similar sensitivity and specificity to those by the indirect

ELISA but is more rapid and has an easy assay. So, it could be applicable in the field directly for diagnosing oestrosis.

Keywords: Oestrus ovis, Nasal bot fly, ELISA, Dot-ELISA, Coenurosis, and Lungworm.

1. Introduction

Oestrosis has serious pathogenic effects on small
ruminants (goats and sheep) as the adult flies deposit its
first larval stage in and around the nose of ovine and
caprine species. The first-stage Larvae wander in the nasal
passages, sinuses, and ethmoid bones in which they molt
to the second and third larval stages. Then, the full mature
third-stage larvae excrete to the outside by sneezing onto
the ground where they become pupa in the soil and
complete their life cycle (Hall and Wall, 1995, Zumpt,
1965). The migration and development of the larvae inside
their habitat (nasal cavities and sinuses) cause serious
problems to small ruminant animals which may lead to
several pathological conditions such as nasal discharges,
frequent sneezing, and respiratory disorders resulting in
serious economic losses (Pandey and Ouhelli, 1984;
Dorchies et al., 2000).

Different epidemiological studies on O. ovis larvae
recorded their wide distribution all over the world. These
parasites were reported present in different countries by
(Jagannath et al., 1989, Alahmed, 2000, Abo-Shehada et
al., 2000; Karatepe et al.2014; Ozdal et al.2016; Allaie et
al.2016) in India, Saudia Arabia, Northern Jordan, Turkey,
Kashmir respectively. Different records also confirmed

their distribution in African countries (Biu and Nwosu,
1999, Amin et al., 1997, Berrag et al., 1996) such as
Nigeria, Egypt and Morocco respectively. There are also
records of their distribution in some European countries
including Greece (Papadopoulos et al., 2001), France
(Yilma and Dorchies, 1991; Bergeaud et al., 1994;
Dorchies et al., 2000), Italy (Caracappa et al., 2000; Scala
et al., 2001), South-western Germany (Bauer et al., 2002),
Spain (Reina et al., 2001; Alcaide et al. 2003). In other
parts of the world, the infection was recorded in Mexico
(Martinez et al., 1999), in Argentina by (Trezeguet, 1996),
and in the United Kingdom by (Bates, 1997; Goddard et
al., 1999).

Many cases of Ophthalmomyiasis in humans were
recorded through the infection of the eyes by the first-stage
larvae of O. ovis (Lucientes et al., 1997; Pampiglione et
al., 1997; Prosl and Meyer, 2003; Fasih et al. 2014).
Masoodi and Hosseini (2003) reported another case of
pharyngeal oestrosis by the first-stage larvae.

Oestrosis is endemic in Egypt due to the hot and dry
weather which constitutes good conditions for the fly and
its larvae to grow. Unfortunately, the detection of O. ovis
antibody levels is still poorly investigated in Egypt. So, the
target of this study is to assess and compare the
performance of ELISA in the diagnosis of O. ovis infection
in sheep sera with the performance of the new and rapid
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assay of Dot-ELISA used in the diagnosis of this
parasitism directly in the field.

2. Materials and Methods

2.1. Collection of Samples

Two hundred and forty head of sheep were examined in
a Cairo abattoir over the period from May 2017 to May
2018 (twenty sheep per month). The Sagittal section of
sheep heads was performed, and the larvae were collected
from the nasal passages and at the base of the horns
(Figure 1). All the collected larvae were identified
according to Zumpt, (1965). A total of fifty larvae from
sheep were used in the serological analysis. Blood was
collected from each examined sheep and centrifuged. The
sera were collected in sterile vials and stored at -20 "C until
used. In addition to O. ovis sera, three parasites were
chosen; two being the main causes of respiratory diseases
and one causing a nervous manifestation in sheep. The sera
of these sheep positively-infected with those parasites
were chosen during postmortem in the abattoir; the sheep
infected with only one parasite only, either with Coenurus
cerebralis (C. cerebralis), Dictyocaulus filaria (D. filaria)
and Haemonchus contortus (H. contortus) without O. ovis
larvae infection. Negative control serum was obtained
from one- month old sheep.

2.2. Antigen Preparation

The Anterior Cone (AC) of third-stage larvae (L3) were
dissected freshly, relaxed in an iced PBS medium under a
stereoscope microscope (LEICA M60, USA) for the
cutting of the anterior part of L3 just after the
cephalopharyngeal skeleton which had the larval cuticle
and salivary gland. The antigen (AC) was preserved in 1
ml PBS (PH 7.2). The AC of L3 was ground using a
homogenizer, and sonication was then done for five
minutes at a 10-pulse rate 60-80 amplitude value using
cole parner ultrasonic sonicator. The homogenates were
centrifuged at 14,000 RPM for twenty minutes at 4 “C as
described by Innocenti et al. (1995) and Angulo- Valadez
et al. (2008). The supernatant was collected and preserved
for further analysis. The protein content of the prepared
antigen (AC ag) was determined by the method of Lowry
et al., (1951). Then, the antigen (AC) was stored at -20 'C
until used in the two diagnostic tests (ELISA; Dot-
ELISA).

2.3. Preparation of Hyperimmune Sera

Four male rats (Rattus norvegicus albino) of about a
150 gram in weight were raised for the preparation of
hyperimmune sera versus AC according to Innocenti et al.
(1995) with some modification. The rats were housed in
two groups (two control negative and two immunized
against AC ag). The housing was in a conventional rat
cage with straw bedding. The rats were supplied with
normally balanced rats' pellet and supplied with water ad
libitum. The rats were raised in ambient temperature and
humidity. The immunized rats were injected with 1mg of
protein AC, mixed in 1ml of mineral oil subcutaneously
(1% dose). Then, two subsequent intramuscular injections
of 0.5 mg of protein antigens in the same volume of
mineral oil were injected at a two-week interval. The rats
were slaughtered for the collection of sera two- weeks
after the last dose. The collected hyperimmune rat sera

were stored at the refrigerator until used. Ethical approval
was obtained from the Animal Ethical committee of the
Faculty of Veterinary Medicine, Cairo University under
number: CU/11/F/105/18.

2.4. Sera Examined

The sera samples used in the ELISA and DOT- ELISA
tests were the hyper-immunized rat sera against AC ag,
negative control sera from rats and one-month old sheep,
and sera from naturally infected sheep with O. ovis. As
well as the three sera from sheep infected with other
parasites such as C. cerebralis and D. filaria, H. contortus
without O. ovis infection.

2.5. Indirect Enzyme-Linked Immunosorbent Assay
(ELISA)

In order to find out the optimum assay dilution of the
antigen and tested sera which could be used under known
dilution of conjugate and substrate materials, checkerboard
titration was done according to Harlow and Lane (1988). A
ninety- six well, flat- bottomed ELISA plates were
incubated overnight with 100 puL/ well of antigen at 10 pg
/mL coating buffer (0.1 M Sodium carbonate, pH 9.6) in 4
“C. Two hundred uL/ well of the blocking buffer (Bovine
serum albumin (BSA) - PBS) were added for two hours at
37 °C. After three times washings with PBS- Tween-20;
100 uL of diluted sera 1:100 in PBS were incubated in two
wells (each serum sample was put in two wells to take the
average) and were incubated at 37 °C for two hours. One
hundred pL/ well of horseradish peroxidase anti-sheep
IgG; anti-rat 1gG conjugate (Sigma, A-5420) diluted at
1:1000 were added to each well and incubated for one hour
at room temperature. A hundred microliters of a substrate
buffer containing (10 mg Ortho-Phenylene Diamine
(OPD)) diluted in a citrate buffer (pH 5.0) and 30 % H,0,
were added to the plate well. Finally, the ELISA plate was
stopped by adding 100 uL of 3N H,SO, (stopping buffer),
and the absorbance values or Optical density (O.D.) were
obtained from an ELISA reader (Bio-Rad, USA) at 450.
The sera were positive when the absorbance values were
as or more than the cut off value equal to a double fold of
the mean negative sera, The ELISA was done according to
Tabouret et al. (2001); Angulo- Valadez et al. (2009;
2011) and Attia et al. 2019.

2.6. Determination of ELISA Parameters

Different ELISA parameters were calculated according
to Tabouret et al. (2001); Angulo- Valadez et al. (2009;
2011) and Attia et al. 2019. The sensitivity and specificity,
positive predictive value, and the negative predictive value
were recorded.

2.7. Dot - Enzyme-Linked Immunosorbent Assay (Dot -
ELISA)

Checkerboard titration was done for the assessment of
the optimal condition of the different solutions of ELISA
(AC antigen; the sera and the conjugate). Two hundred ng
of the AC antigen was dotted onto nitrocellulose
membrane discs (NC) with 0.22 ym pores (Bio-Rad
Laboratories, USA) placed in ELISA plate and incubated
for one at 37 ‘C. The NC discs were blocked using
blocking solution (BSA)-PBS for thirty minutes. After
being washed with (PBS-T), for three times, positive and
negative hyperimmune sera as well as the sera of sheep
naturally infected with O. ovis, and three sera of three
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other parasites mentioned in ELISA were diluted in PBS.
One pL of 1:100 diluted sera was dotted onto NC. After
one hour and three times of washing, the anti-rat 1gG and
anti-sheep 1gG conjugated horseradish peroxidase (Sigma,
A-5420) were diluted 1:1000 in PBS was dotted at 1uL/
well. After one hour, and another three times of washing to
NC. The used substrate (4-chloro-1-naphthol and methanol
in PBS containing 30 % H,0,) was added onto NC. The
developed violet color was stopped by washing the NC
with distilled water. The violet color produced indicates a
positive result, while if no color was developed it is
considered as a negative result. The Dot- ELISA was
carried out according to Kumar et al. (2008); Lakshmanan
et al. (2016); Paller et al. (2017).

2.8. Statistical Analysis

The linear regression was assessed to detect the
possible evaluation of antibody titers in relation to the
number of larvae for each positive animal. Pearson's
correlation was performed to detect the variation in
different parameters. The statistical analysis was
performed by SPSS, version 11.5.1.

3. Results

All the collected larvae were identified as O. ovis
second and third-stage larvae at the base of the horn, in the
nasal passages and the sinuses. Oestrus ovis larvae were
yellowish to brownish in color with dark transverse bands
on the dorsal surface according to the stage. Second- stage
larvae were yellowish in color, while third-stage larvae
were dark yellowish to brownish in color with dark
transverse bands on the dorsal surface, Figurel.

Figure 1. A, B, O. ovis larvae recovered from the sheep skull at
the base of the horn and in the nasal sinuses. C. Collected O. ovis
larvae note: it is oval in shape with a dark band on the dorsal
surface.

The lowest antigen concentration that gives positive
results after checkerboard titration for indirect ELISA was
10 pg protein of AC antigen (ag), while it was 200 ng/uL
in Dot ELISA, with the sera dilution being 1:100 in the
two tests. The two tests were performed with known O.
ovis positive and negative sheep sera and known hyper-
immunized rat sera against AC ag of O. ovis, as well as
known sera for C. cerebralis, D. filaria, and H. contortus
without O. ovis infection.

Indirect-ELISA was used for the diagnosis of anti- O.
ovis antibodies in the collected sera versus anterior cone
(AC) antigen of third-stage larvae. Two hundred out of the
two-hundred and forty examined sheep were positive for
O. ovis at post- mortem. The sera of non- inoculated rats

and one-month old sheep were used as a negative control
while the hyperimmune rat serum inoculated with AC ag
of third-stage larvae was used as a positive control.

The results displayed in Table 1 show that the optical
densities (O.D.) varied according to the stage and number
of larvae infecting sheep. High O.D. values ranging from
0.9- 2 were estimated in sheep infected with the second
and third- stage larvae while O.D. varying from 0.9 to 1.6
were recorded when sheep (95 sheep) were infected only
with the third-stage larvae of O. ovis. Sheep harboring
only second stage larvae; O.D. value ranged between 0.5
and 0.7, Figure 2.

Table 1. ELISA Optical densities (O.D.) of sheep infected with O.
ovis larvae in relation to larval stage and mean larval burden.

Stage of No. of infected Mean larval ~ Optical densities +
larvae sheep burden S.E
2"only 0.5-0.7 (av. 0.59) +
25 520 (v.10)  (oor
rd -
stonly g5 10-30 (av. 20) E'g ifz(a"'l'om)
2" and 3" 0.9- 2.0 (av. 1.55)
80 2030 @v-25) ' 036
Total 200
S=0.12494579
r=0.98090141
2%° ]

A0 7]

OD value

00 28 55 83 1.0 138 165
larval burden

Logistic Model: y=a/(1+b*exp(-cx)) Standard Error: 0.1249458
Correlation Coefficient: 0.9809014

Figure 2. Effects of the mean larval burden of Oestrus ovis larvae
on the mean optical densities obtained by indirect- ELISA

The results displayed in Figure 3 indicate that the
optical densities (O.D.) are significantly correlated with
the months of the year. From May to August, no
significant correlation was estimated as the O.D. values
ranged from (1.5 to 1.3); throughout this period, the third-
stage larvae were collected. There was a significant
decrease in O.D. values (P < 0.05) and mean larval burden
during the months from August to September. No
significant correlation was found between September and
October. However, between October and November, there
was a significant decrease and the O.D. value ranged from
0.9 t0 0.5 (P< 0.01). While between November, December,
and January, there was no significant correlation (P> 0.05)
between these months. There was a significant increase
(P< 0.05) in January and February, and no significant
correlation was found between the other months.
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Figure 3. Effects of the mean number of Oestrus ovis larvae on
the mean optical densities obtained by indirect ELISA during
different months of the investigation period from May 2017 to
May 2018; M.N.L.: Mean number of larvae.

Different parameters of indirect ELISA and Dot-
ELISA are presented in Tables 2 and 3.

Table 2. Positive and negative values obtained from Indirect
ELISA and Dot ELISA

Test .
Indirect ELISA Dot-ELISA
Values
True Positive 198 199
False Negative 2 1
False positive 0 0
True Negative 40 40

Table 3. The diagnostic sensitivity, specificity, positive and
negative predictive values as well as accuracy of the two tests for
the diagnosis of oestrosis in sheep

Test Indirect-ELISA DOT-ELISA
Statisti Value 95% ClI Value 95% CI
Sensitivity 96.43%- 97.25% -

99% 99.5%
99.88% 99.99%
- 91.19% - 91.19%-
0, 0,
Specificity 100.00 % 100.00% 100.00 % 100.00%
Positive
likelihood - - - -
Ratio
Negative
likelihood 0.01 0.00- 0.05 0.01 0.00-0.04
Ratio
Disease 83.33% 78.00%- 83.33% 78.00%-
Prevalence °°°°7° 87.82% 2370 87.82%
Positive
Predictive 100.00% - 100.00% -
Value
Negative 83.43% - 84.99%-
Predictive 95.24 % 98.769 97.56% 99,65
Value -76% 65%
Accuracy 97.02% - 97.70%-
99.17% 99.58%
99.90% 99.99%

Based on data of the present study, cross reactions were
not detected in ELISA and Dot-ELISA by AC ag.

Sera from sheep infected with other parasites such as C.
cerebralis, D. filaria and H. contortus without O. ovis
infection; none of these sera were reacted with AC ag of
O. ovis in indirect-ELISA and Dot-ELISA. Thus, no cross-
reactions were recorded with this antigen (AC ag).

The results of Dot-ELISA could detect anti- O. ovis
IgG antibodies at 200 ng/mL with 99.5 % sensitivity and

100 % specificity when postmortem examination of the
skull and horn was fixed as the test standards.

Figure 4. Dot-ELISA plate showing the wells of strongly positive
sera represented by arrows, while the well with no arrows, shows
the negative sera

The test standards revealed that two hundred sheep
were positive for O. ovis larvae while in indirect ELISA
and Dot-ELISA two and one sera were respectively false
negative. No sera in the two tests give false positive
results. The two tests confirm the test standards.

4. Discussion

Infection with O. ovis is very difficult to diagnose and
could be misdiagnosed with other diseases which had a
similar manifestation. Also, O. ovis larvae can't be
diagnosed using blood smears or even fecal examination.
So, the serological or molecular tests are the only tests
which could diagnose oestrosis in sheep and goats.

Indirect ELISA was used for the diagnosis of anti- O.
ovis antibodies in the collected sera versus anterior cone
antigen of the third- stage larvae, in order to detect the
systematic 1gG which reacts with polypeptides of the
larval cuticle of 56 KDa which prove to be the strongest
antigenic materials. However, a salivary gland protein 28
KDa is also the most immunogenic fractions; this
hypothesis was recorded by (Innocenti et al. 1995;
Tabouret et al. 2001). So, this study used the anterior cone
antigen of L3 which combines the salivary glands and
cuticle antigen based on the results of the two previous
authors.

In this study, the AC ag of L3 was used as an antigen
for indirect ELISA and Dot- ELISA. The assay confirmed
the results of the macroscopic survey (test standard) since
positive results (O.D. varying from 0.5- 2) were recorded
for all the infected sheep. Low optical density of 0.5- 0.7
was reported when L2 was only present, but when L2 and
L3 infect sheep (O.D. 0.9- 2). According to the authors,
the low O.D values associated with the second larval stage
infection may be related to a short duration of the infection
period of L2, the immunogenic nature of this larval stage,
and/or the antigen used from L3; this gives good results in
determining the stage present in the animals. Similar
results were reported by Innocenti et al. (1995) who used
the salivary glands’ proteins of the O. ovis larvae to detect
the antibodies’ levels of these botfly larvae and stated that
the salivary glands were the most immunogenic proteins in
the infected sheep. However, this study confirms that the
AC ag gives similarly high values to the results of the
study using the salivary gland from L3 by Angulo-
Valadez et al. (2009) in their study of the systemic 1gG
response using the salivary glands of L3.
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Angulo- Valadez et al, (2011) studied the
immunogenic reaction against oestrosis in sheep and
detected a rise in Th2 immune response. Other studies on
the immunogenic relationship between O. ovis and other
concurrent helminths infection revealed that there is no
cross-reaction between O. ovis larvae and other parasitic
gastero-entritis helminthes such as Strongylus spp.,
Trichostrongylus colubriformis and H. contortus (Yacob et
al., 2002; Terefe et al., 2005). Otherwise, the infection of
the gastero-intestinal tract with nematodes did not interact
with the life cycle of O. ovis larvae infection, but
oppositely, the infection with O. ovis larvae was reduce in
the nematode egg excretion and worm burdens (Yacob et
al., 2002; Terefe et al., 2005); these ideas prove that there
was no cross-reaction in this study.

Tabouret et al. (2003) evaluated the mucosal 1gG and
IgA  responses using ELISA in sheep infected
experimentally with O. ovis larvae with a low sensitivity
and specificity recorded. Some studies investigated the
seroprevalence studies using ELISA on O. ovis-specific
IgG in sheep (Papadopoulos et al., 2001; Scala et al.,
2002, Silva et al. 2012) with low sensitivity and specificity
in comparison with the present study. This may be
attributed to using more sensitive and specific antigens
(AC ag).

In the present study, the Dot ELISA gave high
sensitivity and specificity results nearly like those by the
indirect ELISA. However, the Dot-ELISA has many
advantages in comparison with indirect ELISA. The
reaction of Dot- ELISA can be read only with a color
development which can be evaluated by the eye with no
need for a special tool as ELISA reader. Also, several
studies examined the validity of antigens dotted onto (NC)
which may be stored for over three years at 4°C, or may be
valid either for up to ten days or for three months at room
temperature or 37°C, so this antigen dotted onto NC
membrane could be moved to any country to be used in
diagnosis tests, Yamaura et al. (2003) and Gupta et al.
(2008).

Because of the many values of Dot- ELISA, this assay
could be used in several diagnoses of many helminthes. It
was used in this study on botfly (O. ovis) and required only
few hours. It is rapid compared to the indirect ELISA
which needs two days to be performed.

Gupta et al. (2008) explained the advantages of Dot-
ELISA confirming that it is a rapid and simple assay and
could be performed only using some chemicals and a NC
membrane, which means that it could be used in the field.
In general, the assay does not require any complicated
instruments and the results can be read by the eye.
Moreover, Dot- ELISA does not need any special training.

Many parasites were diagnosed using Dot- ELISA
including Fascioliasis by Dixit et al. (2002), Zimmerman
et al. (1985); Hydatid cysts by Siavashi et al. (2005);
Sangaran et al. (2017). Toxocariasis by Paller et al.
(2017); Schistosomiasis by Lakshmanan et al. (2016) in
addition to many protozoan parasites such as
Leishmaniosis, Babesiosis, Amebiasis by Yamaura et al.
(2003), Toxoplasmosis by Teimouri et al. (2018).

5. Conclusion

This study differentiates between two assays to detect
the sensitivity and specificity of each test. While the two

tests gave nearly similar sensitivity and specificity results,
the Dot- ELISA has more advantages as it can be used for
diagnosing oestrosis right in the field or in laboratories
because of its simple and rapid procedures. On the other
hand, ELISA requires special devices with specific
laboratory procedures. In addition, its results’ development
requires two days. To the authors’ best knowledge, the
Dot- ELISA is the newest serological technique in the
diagnosis of oestrosis. Therefore, this study was conducted
to evaluate this rapid technique in comparison to the old
assay which is frequently used by different scientists. In
this study, the two tests confirm the test standards (post-
mortem examination), so, the Dot- ELISA (rapid field test)
can be easily used in the diagnosis of oestrosis in live
animals.
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Abstract

Beta-carotene (BC), a lipid-lowering agent, has been proposed to be a lipid-soluble antioxidant that functions as a precursor
of vitamin A. The aim of this study is to evaluate B-carotene- induced effects on hepato-biochemical parameters of Wistar
rats exposed to dietary fats. Thirty Wistar rats were divided into six groups. Group A received rat chow, Group B received a
high- fat diet, Group C received 300mg/kg body weight (b.wt) of BC, Group D received a high-fat diet for twelve weeks then
300mg/kg b.wt of BC for two weeks, Groups E received 300mg/kg b.wt of BC for two weeks followed by a high-fat diet for
twelve weeks while Group F received a high-fat diet for twelve weeks followed by 150mg/kg b.wt of BC for two weeks. At
the end, the animals were sacrificed; the blood and liver were collected for analyses while some tissues were fixed for
histological studies. The results showed that the level of liver enzymes and bilirubin were increased in Group B compared
with the Control (P<0.05). The histological examination showed the liver with fatty accumulation, infiltration by
inflammatory cells and fatty vacuolation in the experimental Groups compared to the Control. The results suggest that the 8
carotene extract can be effective in treating the fatty liver disease.

Keywords: Liver, B-carotene, Dietary fat, Biochemical Parameters, Enzymes, Oxidative stress.

1. Introduction

Dietary fat and its effects on health and diseases have
attracted interests for research. Fat is an important source
of energy, and facilitates the absorption of fat-soluble
dietary components such as vitamins (Javier and Carmen,
2012). An uncontrolled intake of dietary fats could lead to
obesity, type 2 diabetes mellitus, dyslipoproteinaemia,
hypertension, and metabolic syndrome including the
coronary heart disease, strokes and cancer (Wolfram et al.,
2015). Lipids and insulin play important roles in regulating
blood sugar, and altered levels of fat deposits can release
triglycerides and free fatty acids into the blood, causing
hyperlipidemia (Madubunyi et al., 2012). Hyperlipidemia
and oxidative stress are major risk factors for
atherosclerosis, and are the most important risk factors for
cardiovascular diseases (Madubunyi et al., 2012; Li et al.,
2013). Cardiovascular diseases constitute one of the largest
public health problems in the world today and are
responsible for more than seventeen million deaths
annually (WHO, 2005). Moreover, chronic disorders such
as cardiovascular diseases, type 2 diabetes mellitus,
hyperlipidemia, and obesity are the risk factors for non-
alcoholic fatty liver disease (de Alwis and Day, 2009).
Non-alcoholic fatty liver disease (NAFLD), regarded as

“ Corresponding author e-mail: austine.ibegbu@funai.edu.ng.

the hepatic manifestation of the metabolic syndrome,
currently represents the most common cause of chronic
liver diseases (Chalasani et al., 2012). NAFLD ranges
from simple hepatic fat accumulation (steatosis) to non-
alcoholic ~ steatohepatitis (NASH), where fat is
accompanied by hepatocyte injury and necroinflammation
which pose as increased risk factors for liver cirrhosis and
hepatocellular carcinoma (Chalasani et al., 2012).
Depending on the assessment tools, the prevalence of
NAFLD in adults ranges between 20 % and 30 9%,
reaching up to 46 % in some studies (Bellentani et al.,
2010). Approximately, 70 % of patients living with NASH
also have concurrent dyslipidemia; hence, making
treatment with a lipid-lowering medication appear to be a
reasonable approach (Williams, et al., 2011; Hyogo et al.,
2008).

Studies have shown that high-fat diets can easily induce
obesity  (French and  Robinson, 2003), while
epidemiological studies have shown that when the average
amount of fat in the diet increases, the incidence of obesity
also increases (Saris et al., 2000). This has led to a
worldwide effort to decrease the amount of fat in the
human diet. Diets rich in fat not only induce obesity in
humans, but also make animals obese (Buettner et al.,
2007). There is a positive relationship between the level of
fat in the diet and body weight in both rats and mice
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(Ghibaudi et al., 2002). High-fat diets with fats at 50 % of
the total energy in weanling mice, have been used to
induce obesity that was called nutritional obesity; the
model was later renamed dietary obesity (Fenton &
Dowling, 1953). It has been reported that despite the
growing problem of obesity, Canadians and Americans are
eating less fat than a generation ago (Lissner et al., 2000).
This shows that the increasing rate of obesity cannot be
totally explained by high intakes of fat in the diet,
suggesting that the type of fat may also play a role
(Moussavi et al., 2008). Some studies have reported that
not all fats are obesogenic, and the dietary fatty acid
profile, rather than the amount of energy from fat, is an
important variable in developing dietary obesity (Ellis et
al., 2002; Kien et al., 2005).

Other factors that may contribute to obesity induced by
a diet rich in fat include failure to adjust the oxidation of
fat to the extra fat in the diet, increase in adipose tissue
lipoprotein lipase activity, increased meal size and
decreased meal frequency, overconsumption of energy
attributed to high energy density of the diet, orosensory
characteristics of fats and poorly satiating properties of the
high-fat diets (Buettner et al., 2007; Kiess et al., 2008).
Adipose tissues are considered endocrine organs that
secrete cytokines; thus obesity could possibly be regarded
as a chronic inflammatory disease (Kiess et al., 2008). In
the rats fed diets that are high in fat, a linear increase in
body fat with an increasing body weight has appeared. The
results of the study of Woods et al. (2003) showed that
measuring body fat is a more sensitive method for
assessing obesity in animals. Tulipano et al. (2004)
categorized rats that are fed high-fat diets based on their
final body weight, with rats in the highest quartile,
designated as obesity-prone, and those in the lowest
quartile designated as obesity-resistant.

For many decades, medicinal plants have been used to
prevent or treat various diseases (Tapiero et al., 2004) and
some have been used throughout the world for their
hypoglycemic, hypolipidemic, or antioxidant activities
(Tapiero et al., 2004). Recent studies have shown that
carrots have higher concentrations of beta carotene than
other dietary sources (Bayerl, 2008). The aim of this study
was to evaluate the B-carotene-induced effects on hepato
biochemical parameters in the liver of Wistar rats exposed
to dietary fats.

2. Materials and Methods

2.1. Preparation of the Extract

Fresh carrots were purchased from Meat Market
Abakaliki, Ebonyi State, Nigeria. The carrots were dried
under shade for three weeks and were grounded into
powder. The pulverized carrots were wrapped in Whatman
filter paper and placed in the chamber of Soxhlet extractor.
Then 250ml of N-Hexane was added into the Soxhlet flask
and placed on a heating mantle. The solvent was heated at
50°C, the Soxhlet extractor condenses the sample in the
filter paper, and the content of the carrots were extracted
until a clear solvent started coming out of the extraction
chamber. The extract was concentrated using a water bath
at 50°C, and was then stored in the refrigerator.

2.2. Animal Procurement

Ethical approval was arranged and obtained from the
Federal University Ndufu Alike Ikwo Ethics and Animal
Handling Committee. Thirty Male Wistar rats with average
weight of 71.05g were procured from and maintained in
the animal house of the Department of Biological
Sciences, Federal University Ndufu-Alike Ikwo, Ebonyi
State Nigeria. The animals were housed in metal cages,
and were given access ad libitum to food and water with
acclimatization period of two weeks.

2.3. High-Fat Diet Preparation

Cow fat was purchased from Meat Market Abakaliki,
Ebonyi State, Nigeria. The fat was dissolved by heating,
collected in metal containers and stored in the refrigerator.
A high-fat diet was prepared by mixing 60 % of the cow
fat and 40 % of normal rat chow as described by Ghibaudi
et al. (2002) and was then stored in the refrigerator.

2.4. Animal Experimentation

The rats were randomly divided into six groups of five
rats in each. Group A (Control) received normal rat chow
for fourteen weeks. Group B received a high-fat diet
(HFD) daily for fourteen weeks. Group C received
300mg/kg body weight (b.wt) of p-Carotene daily for
fourteen weeks. Group D received a high-fat diet daily for
twelve weeks followed by 300mg/kg b.wt of B-Carotene
daily for two weeks. Group E received 300mg/kg b.wt of
[B-Carotene daily for two weeks and then HFD daily for
twelve weeks. Group F received HFD daily for twelve
weeks followed by 150mg/kg b.wt of -Carotene daily for
two weeks. After fourteen weeks of administration, the
animals were weighed and humanely sacrificed by cervical
dislocation. Blood was collected through cardiac puncture.
The animals were dissected, and the liver was harvested,
weighed and fixed in 10 % formal saline for a histological
examination. The liver weight index in percent (%) was
calculated as liver weight over body weight multiplied by
100, as described by Sayed et al. (2015). The liver tissues
were processed and embedded in paraffin wax. Thin
sections of 5 pm thick were made, stained using
haematoxylin and eosin (H&E) and examined under a light
microscope.

2.5. Biochemical Study

The biochemical parameters studied included serum
alanine aminotransferase (ALT), aspartate amino-
transferase (AST), Gama Glutamyl Transferase (GGT),
alkaline phosphatase (ALP). The activity of ALT was
determined using Reitman-Frankel colorimetric method
according to the methods of Reitaman and Franke (1957)
as modified by Sayed et al. (2015) using a Quimica
Clinica Applicada (QCA) test kit. ALT activity was
measured by monitoring the concentration of pyruvate-
hydrazone formed with 2, 4-dinitrophenylhydrazine which
is proportional to the concentration at 505nm. The serum
was separated by centrifugation at 3600 rpm for fifteen
minutes for the determination of serum Gamma
glutamyltransferase (GGT) levels using Quimica Clinica
Applicada (QCA) commercial test kits according to the
Manufacturer’s instruction. AST activity was determined
by the Reitman-Frankel colorimetric method using a
Quimica Clinica Applicada (QCA) test kit. AST activity
was measured by monitoring the concentration of
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oxaloacetate hydrazone formed with 2, 4—dinitrophenyl
hydrazine spectrophotometrically at 505nm. Alkaline
phosphatase acts upon the AMP-buffered sodium thymol
phthalein monophosphate. Addition of the alkaline reagent
stops the enzyme activity and simultaneously develops a
blue chromagen which can be measured photometrically at
the wavelength of 550nm. Bilirubin content was assayed
and estimated according to the Manufacturer’s instruction,
and the absorbance of the sample against the blank was
read at 560nm and calculated.

2.6. Data Analysis

All data were expressed as mean + SD. The level of
homogeneity among the groups was tested using one way
Analysis of Variance (ANOVA). Where heterogeneity
occurred, the groups were separated using Duncan
Multiple Range Test. A value of P < 0.05 was considered
to indicate a significant difference between groups. Data
analysis was done using Statistical Package for Social
Sciences (version 20.0).

3. Results

3.1. Liver Weight Index

The results showed a significant increase in the liver
weight index of the animals in Group B when compared
with those of the Control group (Group A) (P<0.05). There
was a significant decrease in the liver index of the animals
in Group D when compared with the animals in Group B,
but there was a significant increase in the liver index of the
animals in Group D when compared with those animals in
the Control Group (Group A) (P<0.05). However, there
was a significant decrease in the liver index of the animals
in Group C when compared with the animals in Group A
and other groups (P<0.05) as shown in Figure 1.

there was no significant difference in the parameters for
animals in Group D when compared with the animals in
Group E as well. Also, there was no significant difference
in the parameters for the animals in group A when
compared with the animals in Group C (Table 1).

Table 1: Effect of HFD and Beta Carotene on the hepatic function

GP ALT AST ALP GGT Total
(uiL) (UL (UIL) (UL Bilirubin
(mg/dl)
A 3168+ 10066+ 7256  1171#
+ *
0.74* 0.77 0.77 0.84 022002
B 4468+ 8380+ 7982+ 4321+  057%
0.60 2.39% 0.98 2.69% 0.05%*
C 2972+ 10586+ 6417+  1162%
+ *
2.00% 219 0.05* 0.86 023000
D 4017+ 6967+ 7667+ 2286+
N
0.08 0.65% 5.00 4.73* 034002
E 4072+ 6817+ 7487+  2631%
N
0.69 1.50% 5.14 1.69% 035002
F 4272+ 8626+ 7817+ 4162+ 044+
0.72 8.5 0.05 0.72% 0.02%*
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Figure 1. Showing the Liver Index of the animals in different
groups

3.2. Effects on Hepatic Function

The serum levels of ALT, ALP, GGT, and Bilirubin
were significantly increased (P<0.05) in Group B animals
when compared with the animals in the Control (Group A),
but there was a significant decrease in the serum level of
AST in the animals in Group B when compared with the
animals in the Control (Group A) (P<0.05). The results
showed a significant decrease in the serum levels of ALP,
ALT, AST, GGT, and Bilirubin in the animals in Groups
D and F when compared with the animals in Group B
(P<0.05) as shown in Table 1.The results also showed that

Values are expressed as Mean + SD; N=5, *P<0.05. **

3.3. Effects on Oxidative Stress and Lipid Peroxidation

The results of the present study showed that hepatic
superoxide dismutase (SOD) and catalase (CAT) activities
in the animals of Group B were significantly decreased
when compared with the animals in the Control Group
(P<0.05). Malondiadehyde (MDA) levels of the animals in
Group B were significantly increased in animals when
compared to the animals in the Control Group (P<0.05)
(Table 2).

However, the results showed that the oxidative stress
and lipid peroxidation markers in the hepatic tissues were
restored with a significant increase in SOD and CAT
activities, whereas the MDA levels were significantly
decreased with the administration of [-Carotene to the
animals in Group D when compared with the animals in
Group A (P<0.05) as shown in Table 2. The results also
showed no significant difference in the SOD and CAT
activities and the levels of MDA in the animals in Group C
when compared to the animals in Group A as shown in
Table 2.

Table 2. Effect of HFD and Beta Carotene on lipid peroxidation
and oxidative stress markers

Group MDA SOD CAT
(nmol/mg pro)  (U/mg pro) (U/mg pro)

A 0.56 £0.06**  28.18 +2.91** 18.06 + 0.07**
B 3.77 £0.75* 14.00 £1.98* 7.17 £0.08*
Cc 0.32+0.12 3278 £3.73 19.81 + 0.55**
D 1.81+£0.42 19.83+0.95* 15.76 + 2.05**
E 1.76 £0.77 20.76 £ 0.63 15.81 + 0.56**
F 3.12+0.01 18.73+£1.99* 11.31+1.26

Values are expressed as Mean + SD; N=5, *P<0.05 **

3.4. Histological Evaluation

The results showed liver sections from the animals in
Group A (Control) with normal hepatic cells radiating
from the central vein with well-preserved cytoplasm and
nucleus as shown in Figure 2A. The histology of the liver
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of animals in Group B showed hepatic tissues with
steatosis due to the presence of fat accumulations resulting
in hepatocytes vacuolation as in Figure 2B. Meanwhile,
the liver section of the animals in Group C showed normal
hepatic architecture (Figure 2C). The results showed that
the degree of hepatic injury including steatosis,
hepatocytes with cytoplasmic vacuolation and lobular

the distortions to the hepatic tissues as shown in Figure 2F.

inflammation were to a lesser degree in the animals in
Groups D and E as shown in Figures 2D and 2E. Thus
steatosis with inflammation and hepatocytes with
cytoplasmic vacuolation were attenuated with beta
carotene for two weeks. The results also showed that beta
carotene (Group F) had been shown to reduce the level of

o -~

and hepatocytes (H); (B) Section of the Liver of Group B animals showing fatty changes (FC), fatty necrosis, and distortion of hepatic
tissue; (C) A section of the liver of Group C showing normal hepatic architecture with central vein (CV), hepatocytes (H), and Sinusoids
(S); (D): Section of the liver of Group D showing mild fatty changes (MFC), focal aggregate of inflammatory cells (FAIC), and congestion
of central vein (CCV); (E) A Section of the liver of Group E showing mild fatty changes (MFC) and moderate infiltration of inflammatory
cells (MIIC); (F) Sections of the liver of Group F showing, moderate regeneration with mild fatty change (MFC), focal aggregate of
inflammatory cells (FAIC), and mild distortion of hepatic tissue (MDHT). Stain: H & E; Magnification: x400. Scale Bar: Imm=5pum

be active in reducing the fat deposits in the liver, and

4. Discussion

The results of this study showed an increase in the liver
weight index in animals fed with dietary fats alone for
twelve weeks, while the liver weight index was
significantly reduced with the administration of beta-
carotene for two weeks. This showed that p-Carotene can

thereby decreasing the hepatic index.

The present study has shown that B-Carotene
administration resulted in a significant decrease in liver
enzymes when compared with the animals fed with dietary
fats. This is in agreement with the study of Vardi et al.
(2010) who reported that 3-Carotene given for twenty-one
days before the methotrexate application provided
significant protection from hepatotoxicity resulting from
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methotrexate intoxication. Chung et al. (2009) had
reported that in hyperlipidemic patients, there was a
clinically significant elevation in the levels of AST/ALT,
and this was in agreement with the results from the present
study. It has been shown that visceral fats release free fatty
acids which are transported to the liver by the portal, vein
and may contribute to hepatic steatosis, the production of
triglyceride rich in very low density lipoprotein (VLDL).
The elevated B-oxidation can contribute to the significant
elevation of the liver AST/ALT (Chung et al., 2009).

However, the elevated serum liver enzymes namely
AST, ALT, ALP, GGT, and Bilirubin levels, were
reversed upon treatment with beta-carotene, and this was
in accordance with Jensen (2008), who observed that most
of the carotenoids appeared to be inversely correlated to
the fat mass, suggesting that in obesity, carotenoids are
sequestered in adipose tissues thereby decreasing their
plasma concentrations. Moreover, van Helden et al. (2011)
had demonstrated that the anti-obesity effects of [-
carotene were linked to its pro-vitamin A effects which
means that f-carotene exerts its effects by functioning as a
precursor of vitamin A. Thus B-carotene functions as a
lipid-lowering agent and a lipid-soluble antioxidant. The
results also showed that the administration of beta-
carotene before feeding the rats with dietary fats helped to
protect the liver against damage by maintaining the levels
of the serum liver enzymes, lipid profile, and
adipocytokine markers (Okechukwu et al., 2018).

The observed elevation in all the liver enzymes in
animals fed with dietary fats was also in agreement with
AL-Dosari et al. (2011), who had reported that there were
increased plasma activities of AST, ALT, ALP and GGT
in the fat diet-fed rats. ALT and AST are biomarkers in the
diagnosis of hepatic damage because they are released into
the circulation after hepatocellular damage (Naik and
Panda, 2007). ALT and AST are liberated into the blood
whenever liver cells are damaged, and thus resulting in
increased plasma enzyme levels, and has been shown to be
a very sensitive index of liver damage (Edwards et al.,
2008; Crook, 2012). Although none of these enzymes are
specific to the liver, but ALT occurs in much higher
concentration in the liver than elsewhere. Therefore, the
increased serum ALT level in the present study, more
specifically, reflects hepatic cellular damage (Edwards et
al., 2008; Crook, 2012; Ekandem and Peter, 2015).

The results obtained from the present study revealed
that intake of dietary fats at 60 % fat levels for twelve
weeks have been shown to have damaging effects on the
liver of Wistar rats with the distortion of the liver cellular
architecture, dilation of the hepatocytes with congestion of
the central vein, dilation of the sinusoidal spaces, and
infiltration of the inflammatory cells with cytoplasmic
ground glass appearance of the hepatic tissues. The results
showed that the hepatic injury was ameliorated by the
administration of beta-carotene for two weeks. This was in
agreement with the report given by Sayed et al. (2015).
Meanwhile, the result also revealed that there have been
dose-dependent effects of beta-carotene on the liver, as the
administration of 300mg/kg body weight of beta-carotene
showed a better treatment outcome to the hepatic injury
caused by the fat diets than the 150mg/kg body weight of
beta-carotene. However, the pre-treatment of beat-carotene
to the Wistar rats before exposure to dietary fats has a

protective effect against hepatic damage. The major
drawback of the present research is the small sample size
of five animals used in a group which stand as a major and
important limitation to the study. Therefore, further larger
scale studies are needed to verify and solidify the findings.

5. Conclusion

The consumption of B Carotene-rich foods, fruits and
vegetables have been shown to have enhancement effects
in modulating the hepatic functions and histological
structures related to liver damages especially when it
relates to the nonalcoholic fatty liver disease. This may be
due to their synergistic anti-oxidative, anti-inflammatory,
and lipid-lowering effects in the body while the pre-
treatment of beta-carotene before a dietary fat intake
protected the liver from the manifestation of the hepatic
injuries in the Wistar rats, Peta carotene could be
recommended as a remedy for the treatment of the
nonalcoholic fatty liver disease, especially that resulting
from the high-fat diet consumption.
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Abstract

Leguminosae or Fabaceae is the third largest flowering plant family. It is economically important for food production and
soil fertility. The molecular phylogenetic analysis of closely related species of Leguminosae family: Lens culinaris, Vicia
sativa, V. palaestina, V. peregrina, V. faba, V. narbonensis, Lathyrus aphaca, Pisum fulvum and P. sativum aids in the
discrimination among these closely related species. In this study, 18S and 28S as universal primers were used for amplifying
and sequencing the internal transcribed spacer (ITS) region of the studied species. This was conducted on around two-five
plant individual samples of each one of the species under investigation. The phylogenetic tree construction was carried out
using Unweighted Pair Group method. The phylogenetic analysis among the studied species revealed that V. peregrina, V.
faba, V. narbonensis, V. palaestina, Lens culinaris, and V. sativa were grouped into one clade (clade ). However, V. sativa
occupied the farthest position in clade |, and was separated from other species of Vicia genus. P. sativum, P. fulvum and
Lathyrus aphaca were grouped into another clade (clade I1). On the other hand, Lens culinaris occupied a position within the
core of Vicia near to V. palaestina. Accordingly, it is recommended to transfer Lens culinaris into Vicia genus based on its
morphological and molecular characterization. Therefore, the new classification of Lens culinaris is recommended to be

Vicia culinaris.

Keywords: Fabaceae, Internal Transcribed Spacer, (ITS), Lathyrus, Lens, Palestine, Pisum, rDNA, Vicia.

1. Introduction

The genetic diversity via the evolutionary process is
very important for the survival of the species as it assists
the species to adapt to environmental changes through the
natural selection process and reduces their extinction risk
(Grassi et al., 2006).

Legumes are flowering plants which belong to the
Fabaceae (Leguminosae) family. They are different in size
and in habit varying from herbaceous to woody plants,
which are widely distributed worldwide. Legumes are used
as an important source of food for humans and animals; in
addition to their synthesis of many secondary compounds
for medical principles, coloring, etc. (Andrea, 2011).

Each genus of the four Fabaceae genera (Lens, Vicia,
Lathyrus and Pisum) has at least one unique character,
which aids in the discrimination among them. Although
legumes’ classification depends on the morphological
characters, many conflicts are encountered in this process
(Andrea, 2011). Moreover, morphological continuum is
observed, in particular between Lens and Vicia. Hence,
Lens is a Vicia with a Lathyrus style characters. Moreover,
V. sativa var. platysperma and V. lunata have an
intermediate form between Vicia and Lens (Erskine et al.,

“ Corresponding author e-mail: ghaderomar@najah.edu.

2009). Therefore, molecular tools may provide better
classification and identification discrimination.

The rDNA (ribosomal DNA) genes are specific genes
of the nuclear genome that are used for genetic diversity
(Zhang et al., 1990). The high degree of variation of the
internal transcribed spacers (ITS), even between closely-
related species, has been helpful to many biodiversity topic
studies (Nickrent and Patrick, 1998; Penteado et al., 1996;
Polanco and Perez, 1995; 1997).

Morphological and cytological studies of Lens
montbretti recommended its transfer from the genus Lens
to the genus Vicia classifying it as Vicia montbretti
(Ladizinsky and Sakar, 1982). Moreover, the molecular
analysis of Lens montbretti and V. montbretti helped in the
reclassification of Lens montbretti in the genus Vicia, in
spite of its lentoid calyx, style, and flattened seed
characteristics (Mayer and Bagga, 2002). Similarly, the
prominence of molecular information correlation with the
morphological information was shown by the fact that P.
sativum is sister to the monophyletic Lathyrus species.
Moreover, Lens species created a clade near to the Vicia
species, indicating that Lens is a close genus to Vicia
(Steele and Wojciechowski, 2003).

Therefore, the Phylogenetic relationship among
different species (Lens culinaris, V. sativa, V. palaestina,
V. peregrina, V. faba, V. narbonensis, Lathyrus aphaca,
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Pisum fulvum and P. sativum) was studied. In addition, the
taxonomic classification conflict of Lens culinaris and its
phylogenetic relationship to the morphological closely
related species Vicia palaestina was investigated. Data
considering the classifications of these plant species based
on molecular techniques and sequence information seem to
be the first of their kind in Palestine.

2. Materials and Methods

2.1. Plant Material Collection

Two to five fresh plant specimens of the species under
investigation were collected from different localities in

Palestine via intensive field trips during the period of study
(December-April, 2014). Voucher herbarium specimens
were deposited at herbarium of the Department of Biology
and Biotechnology, Faculty of Science, An-Najah National
University (Table 1).

2.2. Taxonomical Analysis and Identification of the
Collected Plant Species

The collected plant species of the legume genera under
investigation were classified and identified relying on their
morphological characters according to Flora Palaestina
(Zohary 1987).

Table 1. Scientific names of the studied species with their: common names, wild or cultivated states, the locations from where they were

collected, and voucher numbers.

Scientific name Common name Wild vs.Cultivated  Place Accession No.  VVoucher numbers
Lathyrus aphaca L. Yellow pea, Yellow vetch ~ Wild Tubas KJ1864924 1606a
wild Tubas KJ864925 1606b
P. fulvum Sm. Tawny pea wild Salfit KJ864933 1598
wild Taluza KJ864934 1607a
wild Taluza KJ864935 1607b
wild Taluza KJ864936 1607d
P. sativum L. Garden pea Cultivated Aqggaba KJ864943 1579
Cultivated Yasid KJ864945 1580
Cultivated Qalgilia KJ864942 1584
Cultivated Maithaloun KJ864944 1586
Cultivated Salfit KJ864946 1609
V. palaestina Boiss. Palestine vetch wild Beit-Wazan  KJ864940 1603
wild Beit-Leed KJ864937 1610a
wild Beit-Leed KJ864941 1610b
wild Al-Ameryah  KJ864938 1611
wild Tubas KJ864939 1570
V. peregrine L. Rambling vetch Wild Salfit KJ864952 1600a
wild Salfit KJ864955 1600b
Wild Beit-Wazan  KJ864953 1613a
wild Beit-Wazan  KJ864956 1613b
wild Al-Ameryah  KJ864954 1614
V. sativa L. Common vetch Cultivated Yamun KJ864947 1601a
Cultivated Yamun KJ864950 1601b
Cultivated Tamun KJ864948 1602a
Cultivated Tamun KJ864951 1602b
wild Beit-Wazan  KJ864949 1612
V. faba L. Broad bean, fava bean Cultivated Maithaloun KJ864957 1578
Cultivated Salfit KJ864958 1582
V. narbonensis L. Narbon bean Wild Tubas KJ864959 1571a
wild Tubas KJ864960 1571b
Lens culinaris Medik.  Lentil Cultivated Yasid KJ864928 1581a
Cultivated Yasid KJ864929 1581b
Cultivated Qalgilia KJ864930 1585a
Cultivated Qalgelia KJ864931 1585b
Cultivated Maithaloun KJB864932 1599

2.3. Genomic DNA Extraction

The total genomic DNA from previously frozen leaf
samples of the studied plant species was extracted. Salvia
dominica (Labiatae) was included as an outgroup. The
frozen leaf samples were ground into a fine powder using
mortar and pestle in the presence of liquid nitrogen. After
that, the genomic DNA was extracted from a total of 0.1 g

of the leaf tissue powder using PureLink™ Plant Total
DNA Purification Kit (Invitrogen, USA), following the
manufacturers protocol for the isolation of total genomic
DNA.

2.4. PCR Amplification and Gel Electrophoresis

The nuclear ribosomal DNA encompassing the ITS
regions (ITS-1 spacer, 5.8S rDNA and ITS-2 spacer) using
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universal primers. Here the primer sequences were 5'-CCT
TMT CAT YTA GAG GAA GGA G-3' for 18S and 5'-
CCG CTT ATT KAT ATG CTT AAA-3' for 28S. The
PCR reaction mix with a final volume of 25 pL, was
performed with 12.5 uL of PCR premix (ReadyMix “Taq
PCR Reaction Mix with MgCl,, Sigma, USA), 0.4 uM of
each primer and 2 pL of DNA template. The amplification
was carried out using the thermal cycler (Mastercycler
personal, Eppendorf, Germany) according to the following
thermal conditions: initial denaturation for three minutes at
94 °C was followed by thirty-five cycles of denaturation at
94 °C for forty-five seconds, annealing at 56 °C for one
minute and extension at 72 °C for two minutes, with a final
extension step at 72 °C for five minutes. The PCR products
were resolved by electrophoresis through 1.5 % agarose
gel to determine the size of the amplified fragment after
ethidium bromide staining (Muir et al., 2001).

2.5. DNA Cleaning and Sequencing

The obtained PCR products were cleaned with
ChargeSwitch®-Pro  PCR Clean-Up Kit (Invitrogen,
USA), following the manufacturer's protocol PCR product
clean up. The DNA PCR products were sequenced by
dideoxynucleotide chain termination method using the
3130 Genetic Analyzer (Applied Biosystems®, USA),
Bethlehem  University, Bethlehem, Palestine. The
sequencing PCR reaction was performed with 18S and 28S
primers used singly in forward and reverse reactions and
BigDye® Terminator v1.1 Cycle Sequencing Kit (Applied
Biosystems®, USA). Sequences were further submitted for
accession numbers in primary bioinformatics web servers.

2.6. Sequence Alignment and Phylogenetic Analysis

The sequences of ITS region of the examined nine
Leguminosae species were compared with previously
available sequences in NCBI (National Center for
Biotechnology Information) using BLAST (Basic Local
Alignment Search Tool) system. Multiple alignments were
done using ClustalW of the computer program CLC Main
Workbench software (version 5.6.1, 2009, CLC bio,
Aarhus, Denmark). Pairwise distances were generated
using the Kimura 2-parameter method. Phylogenetic
analyses were based on alignments obtained from
ClustalW of a 600 bp sequence. After that, a phylogenetic
tree was constructed using the program Unweighted Pair
Group Method with Arithmetic Mean (UPGMA) in the
same software.

The robustness of the groupings in the UPGMA
analysis was assessed with 1000 bootstrap (bs) re-
samplings. Reference sequences were retrieved from
GenBank and were used for the phylogenetic analyses.
Salvia dominica was used as an outgroup.

3. Results

3.1. Description of the Studied Plant Species

3.1.1. Lathyrus aphaca L.

Annual, glaucescent, subglabrous, 10-75 cm. Stems:
usually erect or ascending, branched mainly at base,
flexuous, angular. Leaves: abortive, reduced to stipules
and tendrils; stipules: 0.5-4 cm., sessile, simple, leaf-like,
ovate, sagitate-hastate or truncate at base, apiculate;
tendrils: 1-6 cm., simple, filiform. Peduncles: as long as

tendrils and longer than stipules, muticous or short-
aristate. Racemes axillary, 1(-2)-flowered. Pedicles: as
long as the calyx tube, erect or slightly curved, often hairy.
Flowers: 1-1.5 cm. Calyx: about 1 cm.; teeth much longer
than tube, almost equal, lanceolate, acute. Corolla: longer
than calyx, yellow; standard longer than the wings and the
incurved, whitish and pink-veined keel. Pod 3(-4-7)-
seeded, 2-3 x 0.4-0.6 cm., erect, compressed, oblong-
linear, sometimes falcate, slightly torulose, beaked,
reticulately veined. Seeds: 2-4 mm., subglobular, brown-
black, smooth. Fl. February-April.

3.1.2. Pisum fulvum Sm.

Annual, glabrous, 15-70 cm. Stems: ascending or
procumbent, rarely erect, slender. Leaves: 3-12 cm.,
spreading; stipules: 1-4 cm., ovate, semicordate, dentate or
incised all around or up to middle; leaflets 1 (-2)-paired,
1.5-2.5 x 1-1.5 cm., ovate, mostly dentate. Racemes 1 (-2-
3)-flowered, with peduncles longer than stipules. Flowers:
about 1 cm. or less. Corolla: rusty-yellow or riddish-
brown, pale in subterranean flowers; standard broad, ovate
to orbicular, retuse to two-lobed. Pod 2.5-3 (-4) x 0.7-1
cm., short-beaked, net-veined. Seeds: about 4 mm., black,
velvety, punctulate. Fl. February-April.

3.1.3. Pisum sativum Tackholm

Annual, glabrous, 40-150 cm. Stems: angular or
roundish, hollow, covered with a waxy bloom. Leaves: 6-
15 cm., spreading; stipules: about 8 cm., ovate,
semisagittate; leaflets (0-) 1-2 (-3)-paired, 1-5 x 1-4 cm,,
broad, elliptic to oblong, entire to coarsely-toothed.
Racemes 1-4-flowered, with peduncles shorter than
stipules. Flowers: about 3 cm. Corolla: white to pink or
purple; standard broad, ovate to orbicular, retuse to two-
lobed. Pod 4-15 x 1.5-2.5 cm., short-beaked, net-veined.
Seeds: about 5 mm., whitish, gray, green or brownish,
smooth or wrinkled punctulate. Fl. February-April.

3.1.4. Vicia palaestina Boiss.

Annual, sparingly appressed-hairy, 15-80 cm. or more.
Stems: climbing, simple to branched, slender. Leaves: 2-
7.5 cm., subglabrous to pubescent; stipules: 2-4 mm.,
semihastate, those of the uppermost leaves lanceolate to
oblanceolate; tendrils often branched; leaflets (5-) 6-10-
paired, 0.5-3 x 0.05-0.3 (-0.5) cm., subsessile, narrowly
linear to narrowly oblanceolate, acute to obtuse,
mucronulate. Peduncles: long but shorter than subtending
leaves, muticous. Racemes (2-) 3-8 (-9)-flowered,
generally one-sided. Pedicels: about as long as calyx,
pubescent. Flowers: (5-) 6-9 mm., deflexed. Calyx: about 2
mm., somewhat hairy; rim of tube: slightly oblique; teeth:
a little shorter than tube, the lower teeth: longer,
lanceolate-triangular. Corolla: about three times as long as
calyx; standard longer than wings, blue, slightly retuse at
apex; wings: white-blue or cream-blue; keel dark blue at
apex. Style: subcompressed, hairy at apex. Pod: (1.3-) 2-
2.5 x (0.4-) 0.5-0.8 cm., stipitate, 1-4-seeded, compressed,
rhombic-elliptical to oblong, more or less torulose, short-
beaked, glabrous, somewnhat net-veined. Seeds: 3-6 mm.,
globular to compressed-ovoid, brown to blackish-brown,
smooth; hilum short, linear. F1. February-May.

3.1.5. Vicia peregrina L.

Annual, appressed-puberulent or pubescent, 15-60 (-
75) cm. Stems: procumbent to erect, usually branched,
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angular. Leaves: 1.5-6.5 cm.; stipules: 2-4 mm., narrow,
semihastate or semisagittate, free portion subulate or
lanceolate, pilose; tendrils: simple to branched; leaflets: 2-)
3-7-paired, 1-3 x 0.1-0.6 cm., subsessile, narrowly linear to
oblanceolate, tapering at base, retuse, rarely acuminate,
mucronulate. Racemes: axillary, mostly 1-flowered.
Pedicels: about as long as to a little longer than calyx,
hairy. Flowers: 1.1-2 cm. Calyx: 6-7 mm., slightly
gibbous, with an oblique limb; teeth: almost as long as
tube, the upper teeth shorter, connivent, lanceolate,
acuminate. Corolla: about twice as long as clayx, purple or
blue-violet, paler at base, sometimes white; standard
longer than wings, notched. Style: hairy at apex. Pod: 2-4
x 0.4-1.2 cm., short-stipitate, 3-7-seeded, deflexed, more
or less compressed, oblong-linear, shorter-beaked,
appressed-hairy to subglabrous, sometimes with violet-
purple spots. Seeds: about 4 mm., subglobular, sometimes
subangular, mostly dark brown or mottled with black;
hilum oblong, dark. Fl. February-May.

3.1.6. Vicia sativa L.

Annual, hairy to subglabrous, 20-80 cm. Stems: erect to
procumbent, branching from base. Leaves: 3-11 cm;
stipules varying in length, semihastate, dentate, usually
with a purple nectary spot beneath; tendrils: usually
branched; leaflets: 4-10-paired, varying in size and shape,
1-3 x 0.4-1 cm., linear or lanceolate to oblong or obovate,
sometimes elliptical, obcordate or cuneate, acutish or
obtuse to truncate or retuse, mucronate, mostly entire.
Racemes: axillary, almost sessile, 1-3-flowered. Flowers
1-3 cm., short-pedicelled. Calyx 1-3 cm., campanulate,
hairy, rim of calyx tube even (not oblique); calyx teeth 0.3-
1 x 0.1-0.2 cm., subequal, linear-subulate or lanceolate,
acute-mucronate. Corolla: one and a half to two and a half
times as long as calyx, sometimes two-coloured; standard
0.7-1.3 cm., broad, obvate-orbicular, notched, whitish-pink
to purplish-violet, claw about as long as limb; wings
shorter than standard, bluish-pink to purplish-violet; keel
shorter than wings, paler, usually darker at apex. Pod: 3-
6.5 x 0.4-1 cm., 2-10-seeded, pods compressed to turgid,
linear, torulose or not, more or less pubescent, net-veined,
yellowish to brown or black, rarely whitish. Seeds: 3-6
mm., rarely larger, subglobular, sometimes compressed,
plain or variegated, greenish-grey or brown-yellow or
black; hilum short, linear. Fl. (February-) March-May (-
June).

3.1.7. Vicia faba L.

Annual, glabrous, 30-160 cm. Stems: erect,
unbranched. Leaves: 6-12 cm.; stipules 1-2 mm., sagittate,
base toothed; tendrils O or rudimentary; leaflets: 2-6-
paired, 5-8.5 x 2.2-3.5 cm., ovate to elliptic, obtuse to
acute. Racemes: axillary, subsessile, mostly 2-6-flowered.
Floweres: 2-3 cm., dull white. Calyx: 7-15 mm,,
campanulate, unequal toothed; calyx teeth: 0.5 x 0.3 mm,,
Corolla: about twice as long as clayx, white wings with
dark blotches; standard 1.5 cm., broad, wings: shorter than
standard, keel: shorter than wings. Pod: 5-15 x 1-2 cm., 2-
5-seeded, cylindrical or flattened, glabrous or pubescent.
Seeds: 10-30 mm., flat, green. Fl. February-May.

3.1.8. Vicia narbonensis L.

Annual, subglabrous to sparingly pubescent or hirsute,
15-50 cm. Stems: ascending, procumbent to erect,
branched, thick, angular. Leaves: 1.5-9 cm.; stipules:

semihastate to semiorbicular, entire or dentate to incised,
with a dark nectary spot beneath; tendrils: simple or
somewhat branched, lacking in the lower leaves; leaflets:
(1-) 2-3 (-4)-paired, 1-6x1-3 cm., subsessile, elliptical or
oblong-lanceolate or ovate to obovate, obtuse or rarely
acute, rounded or truncate to retuse, mucronulate, entire or
dentate-serrate at margin or denticulate near apex,
sparingly to densely hairy, especially along nerves, ciliate
at margin. Peduncles: very short and thick. Racemes: (1-)
3-6-flowered. Flowers: 1.8-3.2 cm., short-pedicelled,
deflexed to erect. Calyx: 0.7-1.3 cm., sparingly hairy; tube
with oblique rim; teeth: unequal, the lower teeth longer, as
long as tube, mostly ciliate. Corolla: 2-2.5 times as long as
calyx, purple-violet; standard longer and keel shorter than
wings. Style: hairy at apex. Pod: 3.5-6.5x0.8-1.5 cm.,
short-stipitate, flattened, linear to oblong-rhomboidal,
curved and beaked, hairy or glabrescent, ciliate and
tuberculate-denticulate at margin, often nerved. Seeds: 4-6
mm., subglobular, brown-black, more or less smooth;
hilum: oblong-elliptical to oblong-ovate, whitish. FI.
February-June.

3.1.9. Lens culinaris Medik.

Annual, 16-20 cm., hairy. Stems: few to many, erect,
sparingly branching, angular. Leaves: paripinnate, at least
part of them terminating in a branched tendril; stipules:
small, lanceolate, entire; leaflets: 3-7-paired, 0.8-1.5 x 0.4-
0.6 cm., oblong-linear to linear. Peduncles: shorter than
leaves, ending in an awn up to 1 cm. Racemes: 1 (-2)-
flowered. Flowers: 4-6 mm. Calyx: short-campanulate;
teeth: much longer than tube, nearly as long as or longer
than corolla, almost equal, filiform-subulate. Corolla:
white, rarely pink or violet. Staminal tube: oblique. Pod:
0.7-1.2 x 0.3-0.5 cm., deflexed, ovate-rhombic. Seeds: 1-2,
lenticular, rarely almost globular. Fl. April.

3.2. Molecular Characterization of The Studied Species

Specific sites of DNA,; ITS-1 spacer, 5.8S rDNA and
ITS-2 spacer in four genera of Leguminosae family as well
as the outgroup, S. dominica (labiatae), were amplifed
using universal primers 18S and 28S. On an agarose gel,
the PCR products obtained from genomic DNA, yielded a
single band of approximately 720 bp for all of the tested
species including S. dominica (Figure 1).

M 1 2 3 4 5 6 7 8 9 10 M

TN

Figure 1. Agarose gel electrophoresis analysis showing the
detection of amplified ITS region of different species of
Leguminosae family as well as S. dominica as an outgroup. Lanes:
M, 50 bp DNA marker; 1, Lathyrus aphaca; 2, P. fulvum; 3, P.
sativum; 4, V. palaestina; 5, V. peregrina; 6, V. sativa; 7, V. faba;
8, V. narbonensis; 9; Lens culinaris and 10, S. dominica. Thirty-
five classified samples of Leguminosae species belonging to
Lathyrus, Pisum, Vicia and Lens genera were sequenced.

e

The distance matrix and phylogenetic tree of the
amplified ITS region were established among the nine
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Leguminosae species under investigation (Figure 2 and
Table 2 ). The phylogenetic tree was constructed according
to the similarity among the resulted sequences of the
studied Leguminosae species; where the bootstrap
consensus tree was inferred from 1000 replicates. The
sequence information was between 663-683 bp. The
obtained sequences were further registered in the GenBank
database  (https://www.ncbi.nlm.nih.gov) under the
accession numbers (KJ864924, KJ864925 and KJ864928-
KJ864961). Phylogenetic analysis in the current work
revealed that the ITS sequences of Leguminosae species of
interest with the highest average of intraspecies genetic
divergence (9.9 %) was recorded between V. palaestina
(KJ864941) and P. sativum (KJ864944) and P. fulvum
(KJ864933, KJ864933 and KJ864933). While, the low
average of intraspecies genetic divergence (1.9 %) was
recorded between V. faba (KJ864957, KJ864958) and V.
peregrina (KJ864954) (Table 2).

Based on the obtained phylogenetic tree, two main
clades were revealed. Clade | included five species of
Vicia genus: V. peregrina, V. faba, V. narbonensis, V.
palaestina and V. sativa, in the same order in the
phylogenetic tree respectively, as well as Lens culinaris.
Clade Il included P. sativum, P. fulvum and Lathyrus
aphaca. Furthermore, clade | was subdivided into two
subclades: a and b. Subclade la had five species, four of
them belong to the genus Vicia and the fifth one was Lens
culinaris. However, V. sativa occupied a basal position in
the clade I. This may confirm that V. sativa represents a
taxon distantly related to all other species of Vicia. Lens
culinaris belongs to the subclade la. It was close to the
species of Vicia, and appeared basally as sister to many
Vicia species, in particular, V. palaestina.

The results of this research showed that all of the
studied cultivated (KJ864947, KJ864948, KJ864950, and
KJ864951) and the wild type (KJ864949) samples of V.
sativa were clustered close to each other in the same group
(100 % bs). Moreover, all of Vicia species could be
considered as sisters to each other according to their
botanical and molecular properties.

However, clade 1l was subdivided into two subclades: ¢
and d, which were represented by the two Pisum studied
species and Lathyrus aphaca, respectively (68.9 % bs). A
high molecular similarity between them was observed,
which was more than their resemblance to other genera.
The two Pisum sativum and P. fulvum species were near to
each other in the constructed phylogenetic tree in this
study (100 % bs).

Finally, the current work data confirm that the species
of Pisum genus formed a monophyletic group as all
species of Pisum genus were clustered into the same group
and had the same ancestor. On the other hand, V. sativa
clade splits from the other closely- related species in the
same genus. As a result, the genus Vicia was considered as
a paraphyletic one. However, S. dominica was found to be
quite divergent, and did not fall in any of the major
clusters (Figure 2).

1 KJ864961 S. dominica
0055?261.1:5. candidissima
s68| AJ566207.1 V. aintabensis
KJ864954 V. peregrina
JX506249.7°V.michauxii
HM470631.1°V. peregrina
KJ864956 V. peregrina
KJB864955 V. peregrina
KJB864953 V. peregrina
KJ864952 V. peregrina
HM47I)535.;I* V. epetiolaris
FJ212318.1 V.faba
1000] KL.J864958 V. faba
KJ864957 V. faba
KJ864960 V. narbonensis
KJ864959 } narbonensis
10001 HM470622.1 V. assyriaca
HM470593.1W. narbonensis
JX506267.1 V. palaestina
KJB64940 V. palaestina
age|| E-IB64930 V. palaestina
KJ864938 V. palaestina

g 28 | KJ864937 V. palaestina

) KJ864941 V. palaestina
KJ864928 L. culinaris
AJ441080.1°L. culinaris orientalis
a73) K.J864932 L. culinaris

1 KJ864930 L. culinaris
KJ864929 L. culinaris
KJ864931 L. culinaris

I KJB864951 V. sativa
KJ864950 V. sativa
KJ864949 V. sativa
ol KJ864947 V. sativa

| HM470633.7V.americana

L HM470602.1°V. sativa

1000/l KJ864948 V. sativa
HM470607.1V. nigra

941 HM470605.1°V. incisa

s34) AY143473.1°P. sativum
KJ864945 P. sativum
K.J864946 P. sativum

o

AY143462.1°P. sativum
KJ864943 P. sativum
KJI864942 P. sativum
KJ864944 P. sativum
AB546787.17P. fulvum
KJI864934 P, fulvum
KJ864933 P. fulvum
KJ864935 P. fulvum
KJ864936 P.fulvum

s1g[ JX506052.7°L. aphaca
d 4-‘1«{ KJ864925 L. aphaca
KJ864924 L. aphaca

0.130

Figure 2. Phylogenetic analysis by UPGMA method based
on ITS site. Sequence of some Palestinian Leguminosae
species (Lathyrus aphaca, P. fulvum, P. sativum, V.
palaestina, V. peregrina, V. sativa, V. faba, V. narbonensis
and Lens culinaris) as well as S. dominica as an outgroup
were used for phylogenetic analysis. Reference sequences
belonging to species of Leguminosae family (denoted by
asterisk) were retrieved from GenBank. The bootstrap
consensus tree was inferred from 1000 replicates. The latin
numbers (I, 1) represent the clades, where the following
letters (a, b, ¢ and d) represent the subclades of the
phylogenetic tree.
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. DNA distances were

Inosae specles

Table 2. Genetic differences between ITS region sequences derived from studied Palestinian Legum

created by K2P model using MEGA software version 5.

1 2 i 4 2} i} T 8 9 10 1 12 13 14 15 1o 17 18 19 20 il 2 28 24 25 26 8 29 30 Ell E¥ i3 34

1. L._aphaca KJ864924
2. L._aphaca KIB64325 0.005
3. L. culinaris KIB64928 0.060 0.059
4. L._culinaris KJ861929 0.060 0.059 0.000
3. L. culinaris KJ&54930 0.060 0.059 0000 0.000
6. L. culinaris KJB64931 0.064 0.062 0.003 0.003 0.003
7. L. culinaris KIB64932 0.060 0.059 0.000 0.000 0.000 €.003
8. P. fulvum KJB64933 0.059 0.057 0.070 0.070 0.070 €.074 0.070
9, P._fulvum KJ864934 0.059 0.057 0.070 0.070 0.070 €.074 0.070 0.000
10. P. fulvum XJ861935 0.059 0057 0.070 0.070 0070 €074 0.070 0.000 0.000
11, . fulvum £J864936 0060 0059 0072 0.072 0072 C0T6 0072 0002 D002 0002
12. V. palacsting KJ864937 0066 0064 0.044 0.044 0044 C.047 D.044 0.081 0.081 0.081 0.081
13, V. paluestina KJB64938  0.064 0.062 0.042 0.042 0042 0046 0.042 0.079 0079 0.079 0.079 0.002
14, V. palacsting KJ864939 0.064 0.042 0042 0.042 C.046 0.042 0.079 0079 0.07¢ 0.079 0.002 0.000
15. V. palacstina KJ864940  0.064 0.042 0.042 0042 0046 0.042 0.079 0079 0.07¢ 0.079 0.002 0.000 0.000

V. palagstina KI864941  0.079 0.057 0.057 0.057 0.060 0.057 0.005 0.095 0.095 0.004 0.015 0.014 0.014 0014

P. sativum KJ864942 0.062 0.070 0.070 0070 €074 0.070 0.026 0025 0.026 0.028 0.079 0078 0078 0078 0.093
18 P sativum KJ864943 0.062 0070 0.070 0070 €074 0.070 0.026 0025 0026 0.028 0.07¢ 0078 0078 0078 0.093 0.000
19. P. sativum KJ864944 0.064 0.070 0.070 0.070 0.074 0.070 0.028 0.028 0.028 0.030 0.081 0.07% 0.079 0.079 0.095 0.002
20. P. salivumn KIB64945 0.061 0.059 0.068 0.068 0068 0.072 0.068 0.024 0.024 0.024 0.026 0.078 0075 0.076 0.076 0.091 0.002 0.003
21. P. sativum KJB64946 0.062 0.061 0.070 0.070 0.070 €.074 0.070 0.026 0.0256 0.026 0.028 0.080 0.078 0.078 0.078 0.093 0.003 0.005 0.002
12 P, sative KJ864047 0.060 0046 0.046 0046 C.049 0.046 0070 0070 0.070 0.072 0.049 0043 0.048 0048 0.062 0.074 0.076 0.074
23, P. sativa KJ864918 0.061 0.019 0.019 0.019 0.053 0.019 0.073 0.073 0.073 0.075 0.053 0.051 0.051 0051 0.062 0.077 0.079 0.078 0.003
24, P, sativa KJB64949 0.060 0.046 0.046 0.046 0049 0.0d6 0070 0070 0070 D072 0.044 0048 0048 0048 0.062 0.074 0.076 0072 0.074 0.000
25, P sativa KI864950 0060 0059 0046 0.046 0046 G049 D046 0070 0070 0070 0072 0.049 0043 0048 0048 0062 0074 0070 0072 0074 0.000 0.000
26. P. sativa KJ864951 0.060 0059 0.046 0.046 0046 0.049 D.046 0.070 0070 0.070 0.072 0.049 0.043 0.048 0.048 0.062 0.074 0.076 0.074 0.000 0.000 0.000
27.V. peregring KIB64952  0.057 0,055 0.037 0.037 0037 C.040 0.037 0.066 0.066 0.066 0.068 0.031 0.030 0.030 0030 0.044 0.066 0.068 0066 0.031 0.031 0.031 0.031
28. V. peregrine KJ864953 0.057 0.055 0.037 0.037 0037 C.040 0.037 0.066 0066 0066 0.068 0.031 0030 003C 0030 0.044 0066 0.068 0.066 0.031 0.031 0.031 0431 0.000
20, V. peregrine KIB64951  0.059 0.057 0.035 0.035 0035 0.039 0.035 0.061 0.061 0.061 0.0656 0.030 0.028 0028 0028 0.012 0.061 0.066 0.065 0.030 0.030 0.030 0.030 0.002 0.002
30, V. peragnine KJ864955 0.057 0.055 0.037 0037 0037 G040 0.037 0066 0066 0066 0068 0.031 0030 0030 0030 0.044 0066 0.068 0066 0031 0031 0031 0031 0000 D000 0002
31 V. peregrine KI&64956 0.057 0055 0037 0.037 0037 G040 0037 0066 0066 0.066 0068 0.031 0030 0030 0030 0044 0066 0.068 0086 0.031 0031 0031 0031 0000 0000 0.002 2000
32, V. faba KJ864957 0064 0062 0040 0.040 0040 C.044 0.040 0070 0070 0.070 0.072 0.042 0040 0.040 0040 0035 0070 0.072 0.070 0.033 0.037 0.033 0.033 0.033 0021 0.019 2021 0.021
33. V. fuba KIBG4958 0.064 0062 0.040 0.040 0040 C044 0.040 0070 D070 0070 0.072 0.042 0.040 0.040 0.040 0.055 0.070 0.072 0.068 0.070 0.033 0.037 0.033 0.033 0.033 0021 0.019 0021 C.021 0.000
34. V. narbonensis_KJ864959 0.068 0.066 0.048 0.048 0.048 0.051 0.048 0.083 0.083 0.083 0.085 0.047 0.045 0.046 0.045 0.060 0.080 0.080 0.078 0.080 0.049 0.049 0.049 0.049 0.049 0039 0039 0.037 0039 (.03 0038 C.038
35. V._narbonensis_KI864950 0.068 0.066 0.048 0.048 0.048 0.051 0.048 0.083 0.083 0.083 0.085 0.047 0.045 0.046 0.046 0.060 0.080 0.080 0.078 0.080 0.049 0.049 0.049 0.049 0.049 0.039 0039 0.037 0.039 C.03¢ 0038 C.038 0.000
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4. Discussion

Evolutionary relationship illustration and
reconstruction among different organisms have been
among the hot topics of research lately. The phylogenetic
relationship construction was based mainly on the
accumulation of DNA sequence data in GeneBank
targeting a new genetic classification that often conflicts
with the traditional taxonomical tools. Nuclear ribosomal
ITS sequence data have great potential to resolve plant
phylogenies at different taxa levels. Upon that they were
used to detect the phylogenetic relationship among several
wild and cultivated plant species as in Allium species
(Gurushidze et al., 2007) as well as among different
legume species (Mayer and Bagga, 2002; Sonnante et al.,
2003; Steele and Wojciechowski, 2003). Nevertheless,
until now no similar analysis on the phylogenetic
relationship for Leguminosae species has been reported in
Palestine using molecular techniques such as the ITS
region analysis.

The constructed phylogenetic tree in this study showed
that some reference species retrieved from GenBank
database (NCBI) clustered together such as V. assyriaca
and V. narbonensis or V. michauxii, V. aintabensis and V.
peregrina or V. american and V. sativa. This may indicate
that these species, which clustered together, have a close
phylogenetic relationship.

In this research, Lens culinaris formed a cluster within
Vicia genus, where this species was closest to V.
palaestina more than any other species of Vicia (91.7 %
bs). The continuum morphological properties between
Vicia palaestina and Lens culinaris is a main conflict in
their discrimination from each other. Since Vicia
palaestina and Lens culinaris are characterized by
overlapping in their morphological characters, branched
stems, branched tendrils and the number of seeds, as well
as the number of leaflets, the number of raceme flowers
and the size and shape of the stipules were observed. The
molecular out-finding coincides with the resemblance of
their morphological properties. These two species are
similar to each other, except in the hairy style and the seed
shape. Style is hairy all around or only on the lower side in
V. palaestina. On the other hand, style is hairy on the
upper side in Lens culinaris. In addition, they varied in
having round and compressed seeds respectively.
Therefore, in spite of this morphological discrimination,
the recorded molecular data strongly supported the close
relationship  between them, which lead to the
recommendation of their reclassification in the same
genus.

The results of the current research agreed with previous
studies in that Lens is a close genus to Vicia, as they
formed a clade near each other based on ITS sequences
(Foladi et al., 2013; Steele and Wojciechowski, 2003).
Another study indicated that V. faba and V. narbonensis
are sisters to each other, as the obtained bootstrap supports
the replacement of V. faba into the V. narbonensis group
(Leht, 2009). The previous study result supports those
obtained in this work, as V. peregrina, V. faba and V.
narbonensis were clustered with each other in the
phylogenetic tree confirming their relationship to each
other. On the other hand, results showed that V. sativa was
farther similar to the other Vicia species due to its
separation from other species of Vicia genus.

Furthermore, the location of V. sativa and Lens
culinaris in different subclades in the resulted
phylogenetic tree in this study agrees with their different
morphological properties. In addition, the results pointed
out that the cultivated and wild samples of V. sativa were
clustered close to each other in the same group. This
indicates the genetic closeness between wild and cultivated
species, revealing the ability to consider the wild species
as the origin of the cultivated ones. Nevertheless, this can
be taken into account in the absence of hybridization
occurrence or human intervention.

The subclade represented by Lathyrus aphaca is sister
to the one comprised of P. sativum and P. fulvum as they
formed a monophyletic group in the phylogenetic tree.
This molecular analysis is in harmony with the common
feature between them as both have large stipules, which
are missing in Vicia and Lens genera. The obtained results
are compatible with previous studies (Steele and
Wojciechowski, 2003).

Two species of Pisum genus; P. sativum and P. fulvum
formed one subclade reflecting the close relationship
between them estimating that the wild P. fulvum is the
origin of the cultivated P. sativum as was reported
previously by (Schaefer et al., 2012). However, other
studies showed a contradiction as P. fulvum diverges from
other Pisum genus species (Palmer et al., 1985; Polans and
Saar, 2002; Saar and Polans, 2000). Therefore, more
studies considering a wider spectrum of Pisum species are
still required to clarify this taxonomical issue.
Nevertheless, the purple flowered sample of P. sativum
was farther from the other white flowered samples. As a
result, different phenotypes as different flower colors can't
be considered as different species (Zohary, 1987). This
complex relationship between phenotypes and genotypes
confirmed by the genetic mechanisms controlling the floral
number and shape is apparently unstable, resulting in a
fluctuating asymmetry (Friesen et al., 1997). As a result, it
is not easy to establish a direct relation between the
phenetic variations and the genetic ones (Treu et al,
2001). Accordingly, further studies related to that aspect
could be conducted to provide a more elaborate clear view.

The genus Vicia did not form a monophyletic group;
instead it formed a paraphyletic one with Lens. This result
is consistent with a previous report indicating that genus
Vicia formed a paraphyletic group with Lens, Pisum, and
Lathyrus (Steele and Wojciechowski, 2003) and was
confirmed by obtaining a monophyletic Vicia by
transferring Lens and Lathyrus saxatilis to Vicia genus
(Schaefer et al., 2012).

Therefore, the phylogenetic relationship among plant
species using ITS sequencing is an effective method for
identifying unknown plant specimens that don’t have one
or more essential parts such as flowers, fruits, etc., without
which, the accurate identification and classification would
be sometimes impossible. However, the classification of a
new species according to the resulted clusters in the
phylogenetic tree at family, genus and species levels is
possible accurately by referring to the GenBank data via
the use of small amounts of leaves.
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5. Conclusion

Morphological and molecular properties of Palestinian
Lens culinaris and V. palaestina revealed the close
relationship between these two species. This indicates that
the shape of the seed and the hairy characters of style are
not enough to separate these two species into two different
genera. Therefore, it is recommended to transfer Lens
culinaris into Vicia genus based on the morphological and
molecular characterization of this species. Accordingly,
the new classification of Lens culinaris is proposed to be
Vicia culinaris. However, further studies on other different
species of the Leguminosae family are needed to provide
more information on the relationship among the
Leguminosae closely-related genera and species.
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Abstract

In this survey, phylogenetic relationships within the tribe Hippotragini were re-evaluated using 132 gene sequences and ten
complete mitogenomes. Based on the complete mitochondrial genomes, the average base composition of mtDNA sequences
was 26.9 % T, 26.3 % C, 33.4 % A, and 13.4 % G, showing a strong AT bias (60.3 %). The phylogenetic trees were
constructed using maximum likelihood and Bayesian inference methods, and were found to have very identical topologies.
The results of this study revealed that this tribe is a strongly supported monophyletic group, and in all of the phylogenetic
trees, except for COXI, Addax nasomaculatus is considered as a sister group for the monophyletic group of the genus Oryx.
All of the species belonging to the genus Hippotragus constructed another monophyletic clade. Besides, within the
monophyletic group of the genus Oryx, there are probably two distinct evolutionary pathways, i.e. O. gazella was located as
a sister taxon of other species. Also, based on the whole mitogenomes, the extinct blaubok (H. leucophaeus), the endangered
giant sable (H. niger variani), and the southern sable (H. niger niger), showed very close phylogenetic relationships and the

roan antelope (H. equinus) is nested as their sister taxon.

KeyWords: Hippotragini, Phylogeny, Re-evaluation, mtDNA, Bovidae, Antilopinae.

1. Introduction

Taxonomically, the tribe Hippotragini belongs to the
Family Bovidae, Subfamily Antilopinae (Wilson and
Reeder, 2005; Castell6, 2016). Historically, these
antelopes were considered to be a separate subfamily
within the family Bovidae, but current molecular evidence
suggests that they are best relegated to a tribal level within
the subfamily Antilopinae (one of two subfamilies within
the Family Bovidae) (Holland, 2015; Mathee and Davis,
2001; Kuznetsova et al., 2002; Hassanin and Douzery,
2003; Ropiquet, 2006; Hassanin et al., 2012).

These “horse-like” antelopes consist primarily of large
grazing antelopes with large horns: oryxes, addax, sable,
and roan antelopes. Hippotragini species are restricted to
Africa and the Arabian Peninsula, and are primarily
grazers. Most species live in arid habitats and have an
erect mane along the nape of the neck (Castelld, 2016;
Holland, 2015). The females are almost or quite as well-
horned as the males. The horns, which are ringed, are
generally more or less parallel and the frontal sinuses
extend into the horn pedicels (Groves and Grubb, 2011).

As antelopes specialized in harsh arid conditions, all
species have very high-crowned hypsodont teeth and a
bending braincase to maximize the grazing efficiency
(Prothero and Foss, 2007). Also, they employ a highly
efficient thermoregulation mechanism (“nasal sweating”)
to effectively cool their bodies and prevent water loss
(Kingdon and Hoffman, 2013; Holland, 2015). All species

“ Corresponding author e-mail: madjdzadeh@uk.ac.ir.

are gregarious and form mostly small herds (Holland,
2015).

The tribe Hippotragini consists of three genera: Addax,
Oryx, and Hippotragus. The genus Hippotragus consists of
three species: H. leucophaeus (blaubok) (extint), H.
equinus (roan antelope), and H. niger (sable) (Groves and
Grubb, 2011). Four subspecies are usually recognized: H.
niger niger, H. niger kirkii, H. niger anselli, H. niger
roosevelti, and the isolated Giant Sable (H. niger variani)
from Angola (Pitra et al. 2002). In some references, H.
niger roosevelti and H. niger variani have been elevated to
full species (Groves and Grubb, 2011). The genus Addax
consists of a single species: A. nasomaculatus (Groves and
Grubb, 2011). The genus Oryx consists of six species: O.
beisa (Beisa oryx), O. callotis (fringe-eared oryx), O.
gazelle (gemsbok), O. dammah (scimitar- horned oryx), O.
leucoryx (Arabian oryx), and O. gallarum (Groves and
Grubb, 2011).

The first ancestors of the Hippotragini, Alcephalini,
and Caprini tribes evolved in Eurasia during the early
Miocene (Turner and Anton, 2004; Prothero and Foss,
2007; Kingdon and Hoffman, 2013; Geraads et al., 2008;
Holland, 2015). Fossil genera including Palaeoryx,
Tragoreas, and Damalavus, were intermediates between
Hippotragini, Alcephalini, and Caprini (Prothero and Foss,
2007; Holland, 2015). Late Miocene crown members of
Hippotragini are found in Northern Africa and include
Tchadotragus and Saheloryx (Geraads et al., 2008). It was
not until the Pliocene that the Hippotragini diversity
exploded in Eurasia as a response to the cooling
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temperatures and the advancement of grasslands (Holland,
2015).

There has been a considerable advancement in
sequencing mammalian mtDNA molecules and their
analysis. Mitochondrial DNA (mtDNA) possesses several
favourable characteristics, including large quantity in the
cell simplicity of extraction, small genome size, haploid,
maternal inheritance with extremely low probability of
paternal leakage, higher mutation rate than nuclear DNA,
and the amenability to change mainly through mutation
rather than recombination. All these features make mtDNA
a useful and one of the most frequently used markers for
evolutionary and phylogenetic studies (Ghassemi-
Khademi, 2017).

Several researchers (Amir and Shobrak, 2011;
Hassanin et al., 2012; Matthee and Davis, 2001; Elmeer et
al., 2012; lyengar et al., 2006; Khan et al., 2011,
Kuznetsova et al., 2002; Masembe et al., 2006; Matthee
and Robinson, 1999; Osmers et al., 2012; Khan et al.,
2008; Arif et al., 2009; Themudo et al., 2015; Yang et al.,
2013) have studied the phylogenetic relationships of
species belonging to the tribe Hippotragini using different
genes, but there is no comprehensive re-evaluation study
of the phylogenetic relationships within the tribe of
Hippotragini  using different mitochondrial  genes.
Determining the phylogenetic relationships between the
genera belonging to this subfamily can be an effective step
in planning for the conservation of these animals in the
wild. Most species belonging to this subfamily are in
serious danger of extinction and their populations are
clearly declining (Holland, 2015).

2. Materials and Methods

Gene sequences including cytochrome b (n=54), 12S
ribosomal RNA (or 12S rRNA) (n=37), 16S ribosomal
RNA (or 16S rRNA) (n=29), and cytochrome c oxidase |
(n=12), and complete mitochondrial genome sequences
(n=10) (a total of 142 sequences) belonging to the tribe
Hippotragini were downloaded from NCBI (Tables 1, 2, 3,
4 and 5). The titles of the received sequences were edited
by ExcaliBAR (Aliabadian et al., 2014); and BioEdit
7.0.5.3 software (Hall 1999) was used to create a DNA
sequence alignment using Clustal W algorithm (Thompson
et al., 1994) in all of the received sequences. In all of the
studied genes, the corresponding gene sequences of Pelea
capreolus were used as an outgroup in the analyses.

The most appropriate sequence evolution model for the
given data was determined with Model test (Posada and
Crandall, 1998) as implemented in the MEGAG6 software
(Tamura et al., 2013). The model with the lowest BIC
(Bayesian Information Criterion) scores is considered to
best describe the substitution pattern. The evolutionary
history was inferred using the Maximum Likelihood
method “ML” for each of the studied genes separately. The
trees were calculated with the highest log likelihood. In all
of the phylogenetic trees, the percentage of replicate trees,
in which the associated taxa are clustered together in the
bootstrap test (1000 replicates), were shown next to the
branches (Felsenstein 1985). In all of the above-mentioned
analyses, all positions containing gaps and missing data
were eliminated, and were conducted in MEGAG6 (Tamura
et al., 2013). Also, the robustness of clades was calculated
by the bootstrap method. In this study, 50-60 % was
considered as a weak support (as bootstrap values), 61-75

% as a moderate support, 76-88 % as a good support, and
>89 % as strong support values (Retrieved from: Win et
al., 2017; with minor modification).

Table 1. The accession numbers of cytochrome b genes and
scientific names of studied species from the tribe Hippotragini
(n=54) received from GenBank (www.ncbi.nlm.nih.gov)(n=55).

Scientific Names Accession Scientific Accession

Numbers Names Numbers

AF022060 FJ937683
Hippotragus HQ641316 Oryx leucoryx ~ IJN632679
equinus JF728769 NC_020732

JING632647 JNB69312

NC_020712 KC282640

AF034722 Oryx gazella NC_016422
Addax JN632591 JN632678
nasomaculatus KM582122 JF728779

NC_020674 Oryx dammah JF728778

DQ138192 IN632677

DQ138193 Pelea capreolus AF022055

DQ138194 FJ937660

DQ138195 FJ937661

DQ138196 FJ937664

DQ138197 FJ937665

DQ138198 Oryx leucoryx FJ937670

DQ138199 FJ937676

DQ138200 FJ937679

DQ138201 FJ937680
Oryxbelsa DQ138202 FJ937681

DQ138203 FJ937682

DQ138204

DQ138205

DQ138206

DQ138207

DQ138208

DQ138209

DQ138210

HM209249

JN632676

NC_020793

In addition, the Bayesian analyses of the studied gene
sequences were run with the parallel version of MrBayes
3.1.2 (Ronquist and Huelsenbeck, 2003) on a cluster with
one processor assigned to each Markov chain under the
most generalizing model (GTR+G+l) because over
parametrization apparently does not negatively affect
Bayesian analyses (Huelsenbeck and Ranala, 2004). Each
Bayesian analysis comprised two simultaneous runs of
four Metropolis-coupled Markov-chains at the default
temperature (0.2). Analyses were terminated after the
chains converged significantly, as indicated by the average
standard deviation of split frequencies<0.01. The Bayesian
inference of phylogeny was conducted for 8,000,000
generations. Seven hundred bootstrap replicates were used
as ML branch support values. The posterior probabilities
equal/higher than 0.95 and bootstrap supports equal/higher
than 70 % were considered as strong support values
(Ghassemi-Khademi, 2018). The obtained phylogenetic
trees were visualized and edited by FigTree software
v1.4.2 (http://tree.bio.ed.ac.uk/software/figtree/). Since all
of the species belonging to a single genus were considered
as a separate group, three groups were determined and the
pair fixation indices (Fst) among these groups was
calculated based on mitogenomes using Arlequin 3.5
(Excoffier et al., 2005). Referring to the criterion for
genetic  differentiation by Wright (1978), genetic
differentiation was defined as low for Fs7<0.05, moderate
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for 0.05<Fsy<0.15, high for 0.15<F¢;<0.25, and very
high for F5r>0.25.

Table 2: The accession numbers of 12S ribosomal RNA (or 12S
rRNA) genes and scientific names of studied species from the
tribe Hippotragini (n=37) received from GenBank
(www.ncbi.nlm.nih.gov)(n=38).

Scientific Names Accession Scientific Accession
Numbers Names Numbers
AY670653 Oryx dammah U86970
KM245339 IN632677
Hippotragus niger IN632648 Oryx beisa IN632676
NC_020713 NC_020793
U86974 Pelea capreolus U86994
AF091709 M86500
Hippotragus NC_035309 JNB69312
leucophaeus MF043256 Oryx gazella NC_016422
Addax u86973 JIN632678
nasomaculatus JN632591 KC282640
NC_020674 FJ914296
Oryx leucoryx FJ914314 FJ914294
FJ914312 FJ914293
FJ914311 orvx| FJ914292
F1914308 TyXIeUConX - £1914201
FJ914306 U86971
FJ914305 IN632679
FJ914302 NC_020732
FJ914299
FJ914297

Table 3. The accession numbers of 16S ribosomal RNA (or 16S
rRNA) genes and scientific names of studied species from the
tribe Hippotragini (n=29) received from GenBank
(www.ncbi.nlm.nih.gov)(n=30).

Scientific Names Accession Scientific Accession
Numbers Names Numbers
u87023 FJ914269

Addax nasomaculatus  JN632591 FJ914268
NC_020674 Oryx leucoryx FJ914267
AY122049 u87021
u87024 IN632679

Hippotragus niger  KM245339 NC_020732
IN632648 M86500
NC_020713 JN869312

Hippotragus leucophasus NC_035309 Oryx gazella NC_016422
MF043256 IN632678
u87025 KC282640

Hippotragus equinus ~ JN632647 u87020
NC 020712 OmXdammah -\ eer677

Pelea capreolus u87044 Oryx beisa IN632676

NC_020793

Table 4. The accession numbers of cytochrome ¢ oxidase |
(COX1) genes and scientific names of studied species from the
tribe Hippotragini (n=12) received from GenBank
(www.ncbi.nlm.nih.gov)(n=13).

Scientific Accession Scientific Names  Accession
Names Numbers Numbers
Oryx dammah  JF444371 Addax JIN632591
Hippotragus HQ603146 nasomaculatus NC_020674
equinus HQG603145 Hippotragus niger ING32648

HQ603144 NC_020713
Oryx gazella JF444372 Oryx beisa JIN632676

JX436995 Pelea capreolus  JN632684
Hippotragus 13056

leucophaeus

Table 5. Nucleotid composition of mtDNA of studied species from the tribe Hippotragini (n=10) received from GenBank

(www.ncbi.nlm.nih.gov).

Scientific name Accession Number T C A G Total References

Addax nasomaculatus JN632591 27.0 26.1 33.6 13.3 16751.0 (Hassanin et al. 2012)
Oryx gazella JN869312 26.9 26.1 334 135 16661.0 Direct Submission
Oryx beisa JIN632676 27.0 26.1 335 13.3 16518.0 (Hassanin et al. 2012)
Oryx dammah IN632677 27.1 26.1 334 13.5 16688.0 (Hassanin et al. 2012)
Oryx leucoryx IN632679 27.2 26.0 335 13.3 16680.0 (Hassanin et al. 2012)
Oryx gazella IN632678 271 26.0 335 134 16667.0 (Hassanin et al. 2012)
Hippotragus equinus IN632647 26.5 26.6 33.6 13.3 16436.0 (Hassanin et al. 2012)
Hippotragus leucophaeus MF043256 26.5 26.6 334 135 16468.0 (Themudo and Campos 2017)
Hippotragus niger JIN632648 26.6 26.5 333 13.6 16506.0 (Hassanin et al. 2012)
Hippotragus niger KM245339 26.8 26.6 33.1 134 16160.0 (Themudo et al. 2015)
Avg. 26.9 26.3 334 13.4 16553.5 felaiaiaiaisiaisiiiakel

Pelea capreolus JN632684 * * * * * (Hassanin et al. 2012)

3. Results

As the results indicated, outgroups were separated from
the tribe members in all of the phylogenetic trees (Figures
1-10), implying the presence of relatively close genetic
distances among tribe members. Also, in most of the
phylogenetic trees, all species belonging to a single genus
were clustered together. In addition, in order to show the
accuracy of the phylogenetic analyses, different genera of

this tribe were demarcated precisely. The average length of
mitochondrial genome was calculated 16553.5 bp. In
16553.5, the average base composition of mMtDNA
sequences was 26.9 % T, 26.3 % C, 33.4 % A, and 13.4 %
G, showing a strong AT bias (60.3 %).

In addition, in all of the phylogenetic trees, the BI
posterior probability values of the tribe members were
equal to 100; thus, it can be inferred that the tribe
Hippotragini is a monophyletic group with the highest Bl
posterior probability value. Also, based on lowest BIC,
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Tamura 3-parameter model (Tamura, 1992) was chosen as
the best model for ML trees of 16S rRNA, COX1, and 12S
rRNA genes. Hasegawa-Kishino-Yano (Hasegawa et al.,
1985) and Kimura 2-parameter (Kimura, 1980) were the
best models for complete mitochondrial genomes and
cytochrome b genes, respectively.

Based on the topology of the ML phylogenetic tree of
12S rRNA sequences, the relationship of different genera
belonging to the tribe Hippotragini is as follows: [{(O.
leucoryx + (O. dammah) + (O. gazella) + (O. beisa) + A.
nasomaculatus)} + {(H. leucophaeus) + (H. niger)}].

FJ914292.1 Oryx leucoryx

FJ914291.1 Oryx leucoryx

FJ914293.1 Oryx leucoryx

FJ914294.1 Oryx leucoryx

FJ914296.1 Oryx leucoryx

FJ914297.1 Oryx leucoryx

FJ914299.1 Oryx leucoryx

FJ914302.1 Oryx leucoryx

FJ914305.1 Oryx leucoryx

FJ914306.1 Oryx leucoryx

FJ914308.1 Oryx leucoryx

FJ914311.1 Oryx leucoryx

FJ914312.1 Oryx leucoryx

FJ914314.1 Oryx leucoryx

U86971.1 Oryx leucoryx

JING32679.1 Oryx leucoryx

NC 020732.1 Oryx leucoryx
U86970.1 Oryx dammah

ﬁ{ JIN632677.1 Oryx dammah

JINB69312.1 Oryx gazella

M86500.1 Oryx gazella

NC 016422.1 Oryx gazella

JIN632678.1 Oryx gazella

KC282640.1 Oryx gazella

JIN632676.1 Oryx beisa

NC 020793.1 Oryx beisa

JN632591.1 Addax nasomaculatus

U86973.1 Addax nasomaculatus
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Figure 1. Maximum Likelihood tree based on Tamura 3-
parameter distance using 12S ribosomal RNA (12S rRNA)
sequences; the numbers on each branch correspond to bootstrap
support values (percentages lower than 50 are not shown). The
tree was rooted with a single Pelea capreolus sequences.
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Figure 2. Bayesian phylogeny reconstructed based on 12S
ribosomal RNA (12S rRNA) sequences. The values beside the
branches are BI posterior probability values. The tree was rooted
with a single Pelea capreolus sequence.

In this tree, two distinct major clusters can be
distinguished. The results showed that all species
belonging to the genera Addax and Oryx, have the weak
(but acceptable) supported ML bootstrap (=55) and high
Bl posterior probability (=89.1) values. In another cluster,
two species including H. niger and H. leucophaeus
constructed a monophyletic group with moderate Bl
posterior probability (=63.13) and weak (but acceptable)
supported ML bootstrap (=60) values.

Moreover, based on the topology of ML phylogenetic
tree of 16S ribosomal RNA (16S rRNA) sequences, the
relationship of different genera belonging to the tribe
Hippotragini is as follows:

[{(O. leucoryx + O.dammah) + (O. beisa + O. gazelle)
+ A. nasomaculatus} + {(H. niger) + (H. leucophaeus + H.

equinus)}].

U87021.1 Oryx leucoryx
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Figure 3. Maximum Likelihood tree based on Tamura 3-
parameter distance using 16S ribosomal RNA (16S rRNA)
sequences; the numbers on each branch correspond to bootstrap
support values. (percentages lower than 50 are not shown). The
tree was rooted with a single Pelea capreolus sequence.
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Figure 4. Bayesian phylogeny reconstructed based onbased on
16S ribosomal RNA (16S rRNA) sequences. The values beside
the branches are Bl posterior probability values. The tree was
rooted with a single Pelea capreolus sequence.
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In this phylogenetic tree also, two distinct major
clusters can be distinguished. Where all of the sequences
belonging to the genera Oryx and Addax showed good
supported ML bootstrap (=87) and very high BI posterior
probability (=99.92) values. In another cluster, three
species including H. niger, H. equines, and H. leucophaeus
built a monophyletic group with weak (but acceptable)
supported ML bootstrap (=55). Of course in this case, the
topology of the Bayesian phylogenetic tree was slightly
different from the topology of ML phylogenetic tree;
because in this tree, three species belonging to the genus
Hippotragus did not construct a single monophyletic
group.

Furthermore, based on the topology of ML
phylogenetic tree of Cytochrome b sequences, the
relationship of different genera belonging to the tribe
Hippotragini is as follows:

[{((O. beisa)+(0.gazella+0O. leucoryx)+O.dammah)+A.
nasomaculatus}+{H. equinus}].

DQ138207.1 Oryx beisa
DQ138208.1 Oryx beisa
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DQ138203.1 Oryx beisa
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691 DQ138201.1 Oryx beisa
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—22 981 3N632676.1 Oryx beisa
76| |NC 020793.1 Oryx beisa
DQ138192.1 Oryx beisa

DQ138199.1 Oryx beisa

DQ138194.1 Oryx beisa
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DQ138193.1 Oryx beisa
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AF249973.1 Oryx gazella
JF728779.1 Oryx gazella
JN632678.1 Oryx gazella

JN632679.1 Oryx leucoryx

NC 020732.1 Oryx leucoryx
FJ937683.1 Oryx leucoryx
AF036286.1 Oryx leucoryx
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AF034722.1 Addax nasomaculatus
JIN632591.1 Addax nasomaculatus
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881 NC 020712.1 Hippotragus equinus

AF022055.1 Pelea caprec

Figure 5. Maximum Likelihood tree based on Kimura 2-
parameter distance using Cytochrome b sequences; the numbers
on each branch correspond to bootstrap support values.
(percentages lower than 50 are not shown). The tree was rooted
with a single Pelea capreolus sequence.

AFD22055.1_Pelea_capreols

Figure 6. Bayesian phylogeny reconstructed based on
Cytochrome b sequences. The values beside the branches are Bl
posterior probability values. The tree was rooted with a single
Pelea capreolus sequence.

In this phylogenetic tree, there are, also, two distinct
major clusters. All of the species belonging to the genera
Oryx and Addax constructed a single monophyletic group
with good supported ML bootstrap (=82) and very high BI
posterior probability (=99.98) values. In another cluster, all
of the sequences belonging to the species H. equinus
constructed a single cluster with good supported ML
bootstrap (=79) and very high BI posterior probability
(=99.74) values.

Moreover, based on the topology of ML phylogenetic
tree of Cytochrome c oxidase | (COXI) sequences, the
relationship of different genera belonging to the tribe
Hippotragini is as follows:

[{((O. dammah + O. beisa) + A. nasomaculatus) + O.
gazella} +{(H. equinus) +((H. leucophaeus)+(H. niger))}].

JF444371.1 Oryx dammah
—|:JN632676.1 Oy s
ING32591.1 Addax nasomaculatus
—99|: NC 020674.1 Addax nasomaculatus
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MF043256.1 Hippotragus leucophagus

JNG32648.1 Hippotragus niger
NC 020713.1 Hippotragus niger
ING32684.1 Pelea capreolus

Figure 7: Maximum Likelihood tree based on Tamura 3-
parameter distance using Cytochrome c oxidase | (COX1)
sequences; the numbers on each branch correspond to bootstrap
support values. (Percentages lower than 50 are not shown). The
tree was rooted with a single Pelea capreolus sequence.
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Figure 8: Bayesian phylogeny reconstructed based on
Cytochrome c oxidase |1 (COX1) sequences. The values beside the
branches are BI posterior probability values. The tree was rooted
with a single Pelea capreolus sequence.

In this tree, there are two distinct major clusters too. All of
the species belonging to the genera Oryx and Addax
constructed a single monophyletic group with strong
supported ML bootstrap (=92) and highest Bl posterior
probability (=100) values. In another major cluster, three
species belonging to the genus Hippotragus constructed a
single monophyletic cluster with moderate supported ML
bootstrap (=72) and very high Bl posterior probability
(=99.88) values.

Eventually, based on the topology of ML phylogenetic
tree of complete mitochondrial genome sequences, the
relationship of different genera belonging to the tribe
Hippotragini is as follows:

[{((0. dammah + O. leucoryx) + O. beisa) + (O.
gazella) + A. nasomaculatus}+{H. equinus + (H.
leucophaeus + (H. niger))}].

100 ING32677.1 Oryx dammah
¥ _|:JN632679,1 Oy leucoyx
100 L IN632676.1 Oryx heisa
0w { JN869312.1 Oryx gazella
100 INB32678.1 Oryx gazella

JN632591.1 Addax nasomaculatus

IN632647.1 Hippotragus equinus

MF043256.1 Hippotragus leucophaeus
10 _|:JN632648,1 Hippotragus niger
100 KM245339.1 Hippotragus niger

IN632684.1 Pelea capreolus

Figure 9. Maximum Likelihood tree based on Hasegawa-Kishino-
Yano distance using complete mitochondrial genome sequences.
The numbers on each branch correspond to bootstrap support
values. The tree was rooted with a single Pelea capreolus
sequence.
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Figure 10. Bayesian phylogeny reconstructed based on complete
mitochondrial genome sequences. The values beside the branches
are Bl posterior probability values. The tree was rooted with a
single Pelea capreolus sequence.

Based on the topology of this tree that is probably close
to reality, and similar to previous phylogenetic trees, there
are two completely distinct major clusters. All of the
species belonging to the genera Oryx and Addax
constructed a single monophyletic group with strongest
supported ML bootstrap (=100) and highest Bl posterior
probability (=100) values. In another major cluster, three
species belonging to the genus Hippotragus constructed a
single monophyletic cluster with strong supported ML
bootstrap (=94) and highest Bl posterior probability (=100)
values.

Using complete mitochondrial genomes, all of the
species belonging to a single genus were considered as a
separate group. In addition to the outgroup, four groups
were determined and phylogenetic distances between these
groups were calculated. As expected, the outgroup was at a
distance far from the tribe members and the ingroup. The
shortest distance was obtained between the genera Addax
and Oryx (=841), and the longest distance was found
between the genera Oryx and Hippotragus (=1529). Also,
the genetic distance between the genera Addax and
Hippotragus was equal to 1486. Furthermore, genetic
differentiation between populations using pairwise Fgr
values were very high (Fsr>0.25). According to the results
of genetic distances, the highest Fst was detected between
Oryx and Hippotragus (=0.484), and lowest Fgsr was
detected between the genera Addax and Oryx (0.326). The
genetic differentiation between the genera Oryx and
Hippotragus was significant (Fst P-value=0.027) (Table
6).

Table 6. Pairwise Fsr based on complete mitochondrial genomes
between different genera belonging the tribe Hippotragini.

Name Oryx Addax Hippotragus
Oryx 0.00
Addax 0.326 0.00
Hippotragus 0.484 0.354 0.00
4. Discussion

In this study, four gene fragments in addition to
complete mitochondrial genomes were used to evaluate the
phylogenetic relationships within the tribe of Hippotragini.
Interrelationships among Hippotragini have been largely
overlooked (Holland, 2015).

In a comprehensive phylogenetic study using supertree
methodology consisting of 201 source trees, Price et al.
(2005) introduced Hippotragus as a sister group to
Addax/Oryx clade. The results of the present study are
exactly consistent with these results. In all of the
phylogenetic trees, Hippotragus was located as a sister
group to Addax/Oryx monophyletic cluster.

In another comprehensive and interesting phylogenetic
research, Hassanin et al. (2012) evaluated the pattern and
timing of diversification of Cetartiodactyla, using
complete mitochondrial genomes (Hassanin et al., 2012).
They used seven complete mtDNA sequences belonging to
H. equinus, H. niger, A. nasomaculatus, O. beisa, O.
gazella, O. leucoryx, and O. dammah for the tribe
Hippotragini. The phylogenetic relationships of different
species of Hippotragini were as follows:
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[{H. equinus + H. niger} + {A. nasomaculatus + ((O.
beisa) + (O. gazella) + (O. leucoryx + O. dammah))}]; and
the bootstrap percentages of maximum likelihood and
Bayesian trees supported a monophyletic cluster for the
tribe Hippotragini (100 %) with the genus Hippotragus (82
%) as a sister group to Addax/Oryx (100 %) (Hassanin et
al., 2012). Hassanin et al., (2012) used seven complete
sequences belonging to the tribe Hippotragini, but in the
present study, we added three other sequences (received
from NCBI) to this seven mentioned sequences. For this
reason, the phylogenetic relationships within the tribe
Hippotragini in the tree in this study is slightly different
than those based on seven complete mitochondrial
genomes (specially in the case of the species belonging to
the genus Hippotragus). The obtained topologies from
complete mitochondrial genome provide a higher level of
support than those based on individual or partial
mitochondrial genes (Krzywinski et al., 2006) and
probably the topology presented in this paper, is likely to
be closer to reality.

In all of the obtained phylogenetic trees (except for
cytochrome oxidase 1), the genus Addax was a sister group
of all species belonging to the genus Oryx. Interestingly, in
addition to the complete mitochondrial genomes, this
theory is also proven using other gene fragments
including: 12S ribosomal RNA, 16S ribosomal RNA and
Cytochrome b. Accordingly, these two genera are sister
groups. This theory has also been confirmed using control
region (D-loop) gene fragments (Khan et al., 2008b).

In another study, Yang et al. (2013) analyzed
phylogenetic relationships within the family Bovidae
based on complete mitochondrial genomes. The
relationship of the species belonging to the tribe
Hippotragini was as follows:

[{H. equinus + H. niger}+ {(O. gazelle + (O. beisa +
O. leucoryx)) + (O. dammah + A. nasomaculatus)}].

In the mentioned tree, A. nasomaculatus was clustered
with O. dammah and this cluster was a sister group of
other species belonging to the genus Oryx. Moreover,
Themudo et al., (2015) presented a similar topology; as a
result, the genus Oryx would be considered as
polyphyletic. However, all of the studied genes (except
COXI) in the present study constructed a single clade for
this genus, so all species belonging to the genus Oryx may
be form a single monophyletic group, and A.
nasomaculatus is considered as its sister group. Yang et al.
(2013) considered Hippotragines as a subfamily
(Hippotraginae), but current molecular evidences suggest
that they are best relegated to a tribal level within the
subfamily Antilopinae (Groves and Grubb, 2011).

Among the different species of the genus Oryx, the
scimitar-horned oryx (O. dammah) and the Arabian oryx
(0. leucoryx) showed very close phylogenetic
relationships. These two species constructed a single
monophyletic cluster as shown by the maximum likelihood
(ML) trees of 12S rRNA and 16S rRNA, especially by the
maximum likelihood and Bayesian phylogenetic trees of
complete mitochondrial genomes (Ghassemi-Khademi
2017). Other studies have shown similar results (Khan et
al., 2008c; Arif et al., 2009; Hassanin et al., 2012). These
two species are probably sister species, although
cytochrome b and Cytochrome c oxidase | (COX 1) failed
to cluster them in the ML trees.

Except for complete mitochondrial genomes, Bayesian
phylogenetic trees did not cluster the scimitar-horned oryx
and Arabian oryx; therefore, the maximum likelihood
methods may be more superior to the Bayesian method in
inferring phylogenetic relationships using gene fragments
in this tribe. Likelihood-based approaches have proven to
be especially powerful for inferring phylogenetic trees, but
they tend to be prohibitively slow due to the requirement
of multidimensional space for possible outcomes (optimal
trees), in addition to the computational complexity of
bootstrap repetitions (Khan et al., 2008c).

The genus Oryx is a monophyletic taxon. In the study
of Hassanin et al. (2012), all of the species belonging to
this genus have constructed a single cluster with strong
bootstrap percentages of maximum likelihood (=94), but in
this tree, two different clades can be distinguished where
three species of O. gazella, O. leucoryx, and O. dammah
constructed a monophyletic group, but the node of this
clade has not a strong bootstrap support value (=56) and O.
beisa is the sister taxon. In the present study, the topology
of phylogenetic relationships within Oryx genus was
different from that in Hassanin et al. (2012).

Based on the results of present study, Bayesian
phylogenetic trees based on complete mitochondrial
genomes, in addition to cytochrome b, 16S rRNA, and 12S
rRNA genes, reconstructed a monophyletic group of the
genus Oryx with high BI posterior probability values of
100, 100, 98.05, 83.55, respectively. Also, maximum
likelihood phylogenetic trees based on complete
mitochondrial genomes, in addition to cytochrome b and
16S rRNA genes reconstructed a monophyletic group with
strong (100), moderate (66) and good (86) bootstrap
support values, respectively. The monophylethic clade of
Oryx in cytochrome b gene was not supported by
acceptable bootstrap support values (percentage was lower
than 50).

Based on complete mitochondrial genomes, two
distinct clades have been distinguished within the genus
Oryx, where three species including: O. dammah, O.
leucoryx, and O. beisa form a monophyletic group with a
strong support bootstrap value (=90), and two sequences
belonging to O. gazella were located as a sister group for
this monophyletic group with the highest support value
(=100). This result was not illustrated in the works of
Hassanin et al. (2012) and Yang et al. (2013). This result
was also confirmed using cytochrome ¢ oxidase | (COXI)
genes, even though in the mentioned phylogenetic tree, A.
nasomaculatus nested within the clade of the genus Oryx,
but O. gazella was distinguished from other species.

In the present paper, two different clades were
introduced within the genus Oryx; this topology is
proposed as follows:

[{(O. dammah +0O. leucoryx)+0O. beisa}+{O. gazella}];
and A. nasomaculatus as a sister group for this
monophyletic group.

The genus Hippotragus consists of three species: H.
leucophaeus (blaubok) (extinct), H. equinus (roan
antelope), H. niger (sable). H. n. roosevelti (Roosevelt’s
sable) and H. n. variani are sometimes considered as full
species (Groves and Grubb 2011). In the previous studies
(Hassanin et al. 2012, Yang et al. 2013, Themudo et al.
2015), only complete sequences of mtDNA of H. niger
and H. equinus were used, while in this study, complete
mitochondrial genomes of Blaubok (H. leucophaeus) were
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also compared. As a result, the topology of the
phylogenetic relationships within this genus may be
different.

Relatively, only very little has been published on the
relationship between this extinct species (H. leucophaeus)
and other species of the genus Hippotragus. The results of
this study indicate that H. n. niger and H. n. variani have a
very close phylogenetic relationship with the blaubok (H.
leucophaeus) forming a single monophyletic group with
highest bootstrap support value (=100). The roan antelope
(H. equinus) is nested as their sister group with a high
bootstrap value (=94). There is no complete mitochondrial
sequence of H. n. roosevelti or H. n. variani Cytochrome c
oxidase | phylogenetic tree also confirmed this topology,
where two sequences of H. niger constructed a single
monophyletic group with H. leucophaeus with a very high
Bl posterior probability value (=97.79), and H. equinus is
the sister group of this clade. This topology has been also
depicted by Themudo and Campos (2018).
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Abstract

In this study, the Achromobacter xylosoxidans strain GHIOP showed an effective activity in chlorpyrifos degradation. This
bacterial strain was able to degrade 34.72 % of chlorpyrifos compared to 1.03 % in the control media after five days. The
oph gene of the Achromobacter xylosoxidans strain GH9OP, which encodes a protein involved in chlorpyrifos hydrolysis,
was cloned and sequenced. It is a member of the MBL-fold metallo hydrolase superfamily, and has a beta lactamase fold.
Moreover, it has 99 % similarity with that of Achromobacter xylosoxidans NH44784-1996. The DNA sequence of the open
reading frame of the oph gene was deposited in Genbank database under accession number MH018244. AchM15 and
AchMS1 were the best mutants in the chlorpyrifos biodegradation after the ethylmethane sulphonate (EMS) mutation
induction for the Achromobacter xylosoxidans strain GH9OP resulting from first-step and second- step EMS mutation
induction, respectively. AchM15 was able to degrade 63 % of chlorpyrifos compared to 34 % in wild type after five days.
However AchMS1 exhibited the ability to degrade 82.03 % of chlorpyrifos compared with 65 % by AchM15 after five days.
3, 5, 6- trichloro-2-pyridinol (TCP) as a metabolite of the chlorpyrifos biodegradation, which was further metabolized to

unknown polar metabolites, was detected using GC/MS after ten days in the case of AchMS1.

Keyword: Achromobacter xylosoxidans, Chlorpyrifos, Biodegradation, oph, Gene cloning, Ethylmethane sulphonate mutation.

1. Introduction

From the most important factors contributing to the
massive increase in food production worldwide is the use
of pesticides in agricultural systems. Moreover,
applications of pesticides have been an environmental
concern for the past several decades (Wang et al., 2012)
and their widespread use has caused environmental
pollution (Lew et al, 2013; Liu et al, 2013).
Organophosphate (OPs) compounds are highly potent
neurotoxins that are commonly used as pesticides. These
compounds inhibit acetylcholine esterase and disrupt the
normal function of the central nervous system followed by
severe muscle paralysis and death (Carvalho et al., 2003).
OPs are much more toxic to vertebrates compared to other
of insecticide classes (Malhat and Nasr, 2011).
Chlorpyrifos  (O,0-diethyl O-(3,5,6-trichloro-2-pyridyl
phosphorothioate), for instance, has been extensively
applied in the household and for agricultural pest control.
It is a non-systemic insecticide and acaricide with contact,
ingestion, and inhalation (Abraham et al., 2016; Thabit
and EI-Naggar, 2013).

“ Corresponding author e-mail: ghada.khalefa@yahoo.com.

A high concentration of chlorpyrifos was determined in
Egyptian soils (Metwally, 2014). There are several
methods available for the detoxification of these OPs
including chemical treatment, incineration, volatilization,
and photodecomposition, but most of them are not
applicable for the complete removal of pesticide
contamination at high concentrations because they are not
environmental friendly, inefficient, and expensive.
Microbial biodegradation is a reliable and costly-effective
technology used for removing organophosphates (OPS)
from surface water and soils (Chishti et al., 2013;
Abraham and Silambarasan, 2016). Several bacterial
isolates have been reported to be potent in the OPs
biodegradation such as Flavobacterium sp. (Sethunathan
and Yoshida, 1973), Arthrobacter sp. (Mallick et al.,
1999) and Pseudomonas diminuta (Serdar et al., 1982).
Chlorpyrifos biodegradation by soil bacteria, comprising
seven different isolates of Pseudomonas, Bacillus and
Agrobacterium, has been investigated (Maya et al., 2011).

Mutagenesis through classical genetic approaches
involves the use of random mutations to improve the
desired metabolites’ yields and the bacterial enzymes’
production, in particular, bacterial wild strains (Chen et al.,
2008). The advantages of random mutagenesis using
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chemical mutagens such as ethyl methyl sulphonate (EMS)
are more overwhelming due to their simplicity and low
cost procedures compared to DNA recombinant
(Munazzah et al., 2012; Rowland, 1984).

Organophosphorus  hydrolase (OPH) enzyme are
encoded by oph gene, mpd gene and/or opd gene in
different unrelated bacterial strains. These genes have no a
DNA- sequence similarity (Bigley and Raushel, 2013).

The objectives of this study are to identify and
characterize the oph gene responsible for chlorpyrifos
biodegradation in the Achromobacter xylosoxidans strain
GH90OP. Improving the ability of this strain for
chlorpyrifos  biodegradation by chemical mutation
induction using ethylmethane sulphonate (EMS) is the
second goal of this research.

2. Materials and Methods

2.1. Reagents and Chemicals

Analytical grade chlorpyrifos (48 %) emulsifiable
concentrate was purchased from (Sinochem Agro.Co.Ltd,
China). All reagents and solvents used in the present study
were of the analytical grade. Chlorpyrifos was used as an
organophosphorus insecticide model due to its high
residues in Egyptian soils (Metwally, 2014).

2.2. Evaluation the Chlorpyrifos Biodegradation by
Achromobacter xylosoxidans Strain GH9OP

The Achromobacter xylosoxidans strain GH9OP
isolated and identified in microbial genetic department,
national research Centre, was friendly taken and inoculated
in broth minimal salt media (Fang et al., 2008) containing
chlorpyrifos with a concentration of 480 mg/L as a sole
carbon source and was incubated on an orbital shaker
(Thermoscientific, UK) at 30 °C for five, ten, and fifteen
days at 150 rpm, and samples were done in triplet (Singh
and Walker, 2006). At the same time, non-inoculated
media were also run in parallel to the other cultures as
control. The extraction of chlorpyrifos residues was done
as follow: a known volume of a mineral salt liquid media
(MSL), 100 mL, was transferred into a 500 mL separatory
funnel, and was partitioned successively three times with
50 mL of dichloromethane each and 40 mL of a sodium
chloride solution (20 %). The combined extracts were
filtered through a pad of cotton and anhydrous sodium
sulfate, and were then evaporated at 30 °C to dryness using
a rotary evaporator at 30°C. After that, the residue was
quantitatively transferred to a standard glass stopper test
tube with ethyl acetate, and the solvent was evaporated to
dryness (Metwally, 2014). The Chlorpyrifos residue and
its  metabolites were  determined using  Gas
Chromatography analysis in the Central Agriculture
Pesticides Lab (CAPL), Agriculture Research Center,
Giza, Egypt. At the same time, 1 mL of the bacterial
culture was used to make serial dilutions 10 to 10 and
was plated on Luria-Bertani (LB) agar plate. The plate was
incubated at 30 °C for eighteen hours, and a single colony
was subjected to DNA extraction and EMS mutation
induction.

2.3. Data Calculation
Degradation (%) = Residual amount in blank control — Residual amount in sample

%100
Residual amount in blank contral

2.4. Extraction of Genomic DNA from the
Achromobacter xylosoxidans Strain GH9OP

A Single colony was cultured in a conical flask (Pyrex,
USA) containing 20 mL of an LB medium by shaking in
an orbital shaker (Thermo fisher scientific, UK) at 150 rpm
for eighteen hours. The culture was centrifuged at 13,000
rom for five minutes at 4°C. The pellet was subjected to
genomic DNA extraction using the (QlAamp DNA Mini
Kit, QIAGEN, Germany). The extracted DNA was used as
a template for PCR to amplify the oph gene.

2.5. Cloning and Sequencing of the oph Gene: The Gene
That Might Be Responsible for Chlorpyrifos
Degradation in the Achromobacter xylosoxidans Strain
GH90P

Sequence of the oph gene in Achromobacter
xylosoxidans GH9OP was predicted based on search
results from the conserved domain database (CDD) of
NCBI, The oph gene of putative organophosphorus
hydrolase (oph) enzyme was detected by the analysis of
the complete genomic sequence of the Achromobacter
xylosoxidans strain NH44784-1996 genbank HE798385
region, 1841224 to 1842159. PCR amplification of the oph

gene by the sense primer F-oph
5" GGGGATCCATGCCATCCGCAACCCAAACCC'3
and antisense primer R-oph

5 GGAAGCTTTCAGTAGTCCCATATGACCGGC'3
using the Achromobacter xylosoxidans strain GH9OP
genomic DNA as template, was conducted with GeneAmp
PCR system 400 thermal cycler (PerkinElmer, Norwalk,
Connecticut, USA). F-oph and R-oph primers were
designed to contain, respectively, a Bam HI restriction site
at oph start codon and Hind Il restriction site at the stop
codon (underlined bases) to facilitate cloning. In this
reaction, amplification was carried out in a 50 pL reaction
mixture by using a PCR master mix kit (Qiagen, Germany)
according to the manufacturer’s instructions. The
following program was used: 94°C for three minutes as the
initial denaturation step, followed by thirty-five cycles of
denaturation at 94°C for thirty seconds, annealing at 55°C
for one minute and extension at 72°C for one minute, and a
final extension step at 72°C for ten minutes. The
anticipated PCR product of 950 bp was isolated after
agarose gel electrophoresis using a gel extraction Kit
(Qiagen, Germany). The amplified fragment was cloned
into the pTZ57R/T cloning vector (Thermo Scientific,
Germany), and was transformed into E. coli XL1-Blue.
Standard procedures for restriction endonuclease
digestions, agarose gel electrophoresis, DNA ligation, and
other cloning- related techniques were used as described
by Sambrook and Russell (2001). Plasmids from
transformant colonies were purified using Mini Plasmid
Kit (Qiagen, Germany). The purified recombinant vector
was sent to Clinilab, in Egypt for sequencing using vector
primers. The obtained sequence was compared to other
known sequences found in the Genbank by using the Blast
program (http://www.ncbi.nlm.nih.gov/BLAST/)
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2.6. Ethylmethane Sulfonate (EMS) Mutation Induction
of the Achromobacter xylosoxidans strain GH9OP and
Mutant Selection

The first-step EMS mutation induction was done as
follows: one ml of an eighteen-hour old culture was
centrifuged at 12,000 rpm for five minutes. The pellet was
washed with and dissolved in ImL of a 100 mM sodium
phosphate buffer pH 7. 100 pL of the sample content was
withdrawn to determine the initial population (CFU/mL).
20 pL/mL of the EMS stock solution 1gm/ml (Merck) was
added to the samples in the falcon tubes for different times
twenty, forty and sixty minutes, and was then incubated at
30°C. The reaction was stopped by the addition of 4 mL of
sodium thiosulfate (5 %). The reaction was centrifuged;
the pellets were washed and resuspended in a sodium
phosphate buffer. Portions of 0.1 mL of suitable dilutions
were spread on LB agar plates and incubated at 30°C for
forty-eight hours. The bacterial colonies developed after
incubation were counted and the survival percentages were
estimated for each treatment (Verma et al., 2016). Second-
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step EMS mutation induction was employed for the best
mutant which resulted from first-step EMS mutation
induction in the same manner illustrated earlier. In this
study, the results of improved mutants are directed
primarily based on their potential in the chlorpyrifos
biodegradation compared to their wild strain.

3. Results

3.1. Evaluation of Chlorpyrifos Biodegradation by the
Achromobacter xylosoxidans Strain GH9OP

Achromobacter xylosoxidans strain GH9OP showed
effective activity in chlorpyrifos degradation. Figure 1
shows chlorpyrifos biodegradation by the Achromobacter
xylosoxidans strain GHOOP after five, ten, and fifteen
days; this bacterial strain was able to degrade 34.72 %
after five days and 79.43 % after fifteen days of
chlorpyrifos compared 1.03 % after five days and 3.05 %
after fifteen days in the control media.
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Figure 1. Biodegradation percentage of chlorpyrifos (480 mg/l) by Achromobacter xylosoxidans strain GH9OP (A). Degradation percentage

of chlorpyrifos (480 mg/L) in control media (B).

3.2. Cloning and Complete Sequencing of the oph Gene
in the Achromobacter xylosoxidans strain GH9Op

Primers, F-oph and R-oph containing Bam HI and Hind
Il restriction sites were used to amplify the complete
coding sequence of the oph gene with a size of ~ 950 bp
(Figure 2).

Figure 2. Agarose gel electrophoresis of PCR amplification for
the oph gene in the Achromobacter xylosoxidans strain GH9OP
(1). M: 100 bpDNA ladder (Jenabio).

The amplified fragment was cloned into pTZ57R/T
cloning vector, and transformed into E. coli XL1-Blue.
The new construct of pTZ57R/T vector carrying oph was
termed as pTZ57R-oph.

Screening of transformant colonies with the
recombinant vector and those containing non-recombinant
vector was estimated by rapid screening of Plasmids using
plasmid mini prep (Qiagen, Germany) (Figure 3), colony
pcr using F-oph and R-oph (Figure 4) and Double
digestion of pTZ57R-oph using Bam HI and Hind llI
endonuclease (Figure 5).

Figure 3. Agarose gel electrophoresis of isolated plasmid from
transformant E. coli XL1-Blue. P: transformant colonies
containing pTZ57R-oph vector. N: transformant colonies
containing pTZ57R vector only.
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oph gene= 950 bp

Figure 4. Agarose gel electrophoresis for colony PCR products of
three colonies of E. coli XL1-Blue transformed with the
recombinant plasmid pTZ57R-oph containing oph gene from
Achromobacter xylosoxidans strain GH9OP by using oph gene
primers. (M): 1 Kb DNA ladder (Jenabio). P: Positive colony in
pecr amplification of oph gene. N: Negative colony in PCR
amplification of oph gene.

Dig

Figure 5. Agarose gel electrophoresis of isolated plasmids
digested by Bam HI and Hind Il restriction enzymes (Dig). (M): |
Kb DNA ladder (Jenabio).

The DNA sequence of the oph gene was subjected to a
search on (https://www.ncbi.nlm.nih.gov/ Structure/ cdd/
wrpsb.cgi), and the result was that a conserved domain in
the isolated oph gene is a member of the MBL-fold
metallo hydrolase superfamily and has a beta lactamase
fold. It has a 99 % similarity with that of Achromobacter
xylosoxidans NH44784-1996 Accession no. HE798385.1.
Deduced protein sequences of both genes were aligned
using CLUSTAL multiple sequence alignment, MUSCLE
3.8 (Figure 6). The oph gene in Achromobacter
xylosoxidans GHIOP was firstly isolated by the authors of
this study from Egyptian soils, and the DNA sequence of
the oph gene was deposited in Genbank database under the
accession number MH018244.

MHB15244.1 MPSATQTLPFS5LSDPCYRPPHOLYPSRYALRVGEIDALVISOGYLPLPT
HE796385.1_1841224-1842159 MPSATQTLPF55LSDPGYRPPHOLYPSRYALRVGEIDALVISOGYLPLPT
MHB15244.1 ATMATHADPAD LARWLQYMFMPPDAFDIP LNVMVARSGDOT ILIDAGLGG
HE796385.1_1841224-1842159 ATMATHADPAD LARWLQYMFMPPDAFDIP LNVMVARSGDQT ILIDAGLGG
MHB15244.1 QFPGFPRAGQL PORLEDAGIALESVTDVIITHYHMDHVGGL LVDGVKERL
HE796385.1_1841224-1842159 QFPGFPRAGQL PORLEDAGIALESVTDVIITHYHMDHVGGL LVDGVKERL
MHB15244.1 RPOVRIHVSATEVAFHTSPOF SHTVMPKPYPAVLRSTAASFYNEYRDRLR
HE796385.1_1841224-1842159 RPOVRIHVSATEVAFHTSPOF SHTVMPKPYPAVLRSTATSFYNEYRDRLR
MHB15244.1 IFQDRHEVAPGVWVRITGEHT PGHSVVDLIGGOERLTFAGDATFPVGFDH
HE798385.1_1841224-1842159 IFQDRHEVAPGVWWRITGEHT PGHSVVDLIGGDERL TFAGDATFPVGFDH
MHB15244.1 PDLHNGFEHDPEESARVRLRLFQELAQNRGLLVAAHLPF PSVGRVATDGD
HE798385.1_1841224-1842159 PDLHNGFEHDPEESARVRLRLFQELAQNRGLLVAAHLPF PSVGRVATDGE
MHB15244.1 AFRWVPVIWDY

HE798385.1_1841224-1842159 AFRWVPVINDY

EEREETRERE

Figure 6. Pairwise alignment of deduced amino acid sequences of
the oph gene from the Achromobacter xylosoxidans strain GH9OP
accession no. MH018244 and the organophosphorus hydrolase
enzyme (oph) gene from Achromobacter xylosoxidans NH44784-
1996 Accession no. HE798385.1:1841224-1842159.

3.3. EMS Mutation Induction in Achromobacter
xylosoxidans GH9Op

3.3.1. First-Step EMS Mutation Induction in
Achromobacter xylosoxidans GH90p

The Mutagenesis approach was widely used to improve the
production of various microbial enzymes (Hussein et al., 2012). It
is the first time to improve the organophosphorus hydrolase
enzyme responsible for chlorpyrifos biodegradation by random
mutation using ethyl methanesulfonate (EMS) as a chemical
mutagen. After the induction of EMS mutation with the
Achromobacter xylosoxidans strain GH9OP for different
treatment periods, viable colonies were counted from appropriate
dilution. The survival percentage was calculated and the results
are presented in Figure 7. It was noticed that the survival
percentage decreased as the treatment time increased due to the
lethal effect of EMS. The least survival percentage was recorded
at an exposure period of forty minutes. The exposure period of
sixty minutes was lethal for the wild strain.
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Figure 7. Survival percentage of Achromobacter xylosoxidans
strain GH9OP after EMS (20 pL/mL) mutation induction.

3.3.1.1. Effect of EMS Mutation Induction on the
Biodegradation of Chlorpyrifos by Achromobacter
xylosoxidans GH9OP

In spite of the fact that genetic engineering has made a
significant contribution to the improvement of bacterial
strains, random mutagenesis is still a cost-effective
procedure for reliable short-term strain development and is
frequently preferred as the method of choice (Lipika,
2014). EMS is a well-known chemical mutagenic agent
whose mode of action is attributed to the alkylation of
nitrogen position 7 of guanosine of the DNA molecule
causing G/C to A/T transition mutation (Freese, 1961).



© 2019 Jordan Journal of Biological Sciences. All rights reserved - Volume 12, Number 3 311

After a twenty-minute treatment by EMS, twenty-nine
mutants were selected, twenty-one mutants exhibited
approximately equal activity to the wild type, and eight
mutants exhibited higher activity compared to the wild
type. The highest biodegradation was recorded by
AchM12 and AchM15 which were able to degrade 63 % of
chlorpyrifos compared to 34 % in the wild type. After

forty minutes of the EMS treatment, sixteen mutants were
selected; seven mutants exhibited less activity than the
wild type, three mutants exhibited approximately equal
activity to the wild type, and only four mutants exhibited a
higher activity than the wild type especially AchM44
which degraded 49 % chlorpyrifos. All biodegradation
activity was recorded after five days (Table 1)

Table 1. Chlorpyrifos biodegradation by EMS-induced mutants from the Achromobacter xylosoxidans strain GHIOP after five days

Treatment exposure Bacterial isolates *dry weight *% chlorpyrifos Bacterial isolates *dry weight *% chlorpyrifos

time (min) g/100 mL  biodegradation 9/100 ml  biodegradation
20 wild type 0.281 34.23 AchM15 0.289 63.41
AchM1 0.290 33.90 AchM16 0.269 34.08
AchM2 0.271 33.90 AchM17 0.290 34.01
AchM3 0.273 34.50 AchM18 0.289 34.90
AchM4 0.254 36.89 AchM19 0.278 41.95
AchM5 0.270 33.99 AchM20 0.301 33.99
AchM6 0.291 36.07 AchM21 0.258 33.98
AchM7 0.287 37.13 AchM22 0.294 37.91
AchM8 0.279 33.99 AchM23 0.290 36.93
AchM9 0.269 33.98 AchM24 0.286 33.00
AchM10 0.269 34.09 AchM25 0.293 34.08
AchM11 0.291 34.08 AchM26 0.310 37.30
AchM12 0.276 63.20 AchM27 0.297 34.70
AchM13 0.293 33.89 AchM28 0.311 34.70
AchM14 0.287 33.44 AchM29 0.264 34.49
40 AchM30 0.201 33.97 AchM38 0.08 1.13
AchM31 0.253 36.90 AchM39 0.188 19.80
AchM32 0.290 34.09 AchM40 0.299 42.00
AchM33 0.281 34.10 AchM41 0.190 14.97
AchM34 0.063 0.93 AchM42 0.289 42.98
AchM35 0.191 15.09 AchM43 0.179 22.13
AchM36 0.189 21.50 AchM44 0.301 49.00
AchM37 0.193 20.69 AchM45 0.180 18.16

*Mean of three replicates

3.3.2. Second-Step EMS Mutation Induction

The highest mutant, AchM15, in the chlorpyrifos
biodegradation, resulted from the first-step EMS mutation
induction for the Achromobacter xylosoxidans strain
GH9OP for twenty minutes which was then mutated by
EMS under the same conditions previously employed for
the wild bacterial isolates. The highest mutant (AchMS1)
was obtained after the second-step EMS treatment of
AchM15 for forty minutes; it recorded a higher
biodegradation potential than AchM15. It degraded 82.03
% of chlorpyrifos compared with 65 % by AchM15 after
five days.

This study achieved improved OPH (organophosphorus
hydrolase) variants with increased activity towards poorly-
hydrolysed substrates such as chlorpyrifos by random
mutation using the EMS-treatment approach which leads
to an enzymatic solution. Figure 8 shows the growth of the
wild type, Achromobacter xylosoxidans strain GH9OP and
its mutants, AchM15 and AchMsl. All were grown in
minimal media containing chlorpyrifos with the
aforementioned concentration.

Figure 8. Bacterial growth of the Achromobacter xylosoxidans
strain GH9OP and its mutants on liquid MSM containing
Chlorpyrifos (480 mg/l) after 5 days. GHIOP: Achromobacter
xylosoxidans wild strain. AchM15: mutants from first-step EMS
mutation induction. AchMs1: mutant from second-step EMS
mutation induction. Chlorpyrifos Control: liquid MSM containing
chlorpyrifos without bacterial inoculum.
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3.3.3. Evaluation of the Behavior of Achromobacter
xylosoxidans GH9OP and Their Higher Mutants in OPs
Degradation through Time Shift

The biodegradation of chlorpyrifos by Achromobacter
xylosoxidans GH9OP as a wild strain and its selected
higher mutants, AchM15 and AchMS1 were identified
after five, ten, and fifteen days. Figure 9 shows that the
periods of five and ten days were the perfect periods at
which the highest biodegradation occurred in both wild
bacterial strain and its mutants. These periods were the
transformation points at which difference between wild
strains and their mutants was emphasized. The
Achromobacter xylosoxidans strain GH9OP degraded
54.22 % of chlorpyrifos and its mutants. AchM15 and
AchMsl degraded 75.08 % and 92.03 %, respectively
compared with 7.14 % in case of control after ten days. It
can be included that the biodegradation achieved by the
wild strain over fifteen days could be achieved in five days
by their higher mutants. All treatments were carried in
triplicate.
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Figure 9. Chlorpyrifos biodegradation by Achromobacter
xylosoxidans and its mutants.

3.4. ldentification of the Degradation Products of
Chlorpyrifos in Achmsl1 by GC/MS

In this study, it is the first time to manipulate the
bacterial mutant, AchMS1, in pesticides’ biodegradation
so that it can be used as a model strain to detect
chlorpyrifos metabolites. The metabolic products of
chlorpyrifos degradation were confirmed by GC-MS. The
results were based on the characteristic fragment ion peaks
and molecular ion m/z 197. The new peak was identified
as 3, 5, 6-trichloro-2-pyridinol (TCP) as the main
metabolite of chlorpyrifos at a retention times (RT) of
30.03 minutes. This peak disappeared concomitantly with
the formation of other new peaks with a retention time of
around 24.1 minutes (Figure 10). Each peak was identified
on the basis of its mass spectra and the NIST library
identification program. The degradation pathway for
chlorpyrifos by AchMS1 was proposed in Figure 11. That
is to say, the parent chlorpyrifos (m/z = 351) was first
metabolized by hydrolysis to produce TCP (m/z = 197)
and diethyl thiophosphoric acid (DETP) (m/z = 172).
Subsequently, the hydrolysis product, TCP was further
transformed by a ring breakage, resulting in its
detoxification. These results indicated that chlorpyrifos
(480 mg/L) was degraded by AchMsl without any
accumulative products after ten days of incubation.
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Figure 10. Mass spectra of 3, 5, 6-trichloro-2-pyridinol (TCP)
produced from chlorpyrifos degradation by AchMS1. M: sample;
N: authentic standard TCP from the National Institute of
Standards and Technology (NIST, USA) library database.
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Figure 11. The proposed pathway for the chlorpyrifos
biodegradation by AchMS1.

4. Discussion

The Achromobacter xylosoxidans strain, GH9OP,
showed a high potential in chlorpyrifos biodegradation,
This result is inconsistent with the previous reports that
employed the Achromobacter xylosoxidans (JCp4) and
Ochrobacterum sp.(FCp1l) in chlorpyrifos biodegradation.
It was found that these strains were able to degrade
chlorpyrifos in non-sterilized and sterilized soils and
exhibited the ability to degrade 93 % to 100 % of the input
concentration 200 mg/l within forty-two days (Akbar and
Sultan, 2016). In this study, the Achromobacter
xylosoxidans strain GHIOP is a promising candidate for
raising the productivity of crops in pesticide- contaminated
soils. Many bacterial strains are involved in
organophosphorus pesticides’ degradation. Among these
bacteria are: Enterobacter sp. (Singh et al., 2004),
pleismonas sp. (Zheng et al.,, 2013), Agrobacterium
radiobacter (Horne et al., 2002), and Streptomyces sp.
(Nelson, 1982). Different bacterial genes are responsible
for the organophosphates degradation, and these genes
exhibit different DNA sequences in different bacterial
strains. For example, Serdar et al. (1982) isolated the first
described organophosphorus degrading the opd gene from
P. diminuta, and Mulbry et al. (1987) isolated the opd
gene from the Flavobacterium sp. strain, ATCC 27551.
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Significant homology between opd genes from the two
bacteria was demonstrated by Southern hybridization
experiments (Mulbry et al., 1987). opaA gene is another
organophosphorus-degrading gene which has received
considerable attention. It was isolated and cloned from
Alteromonas sp. JD6.5 by Cheng et al. (1997). Despite,
functional similarity with the opd gene, no sequence
homology was found between them. Zhongli et al. (2001)
isolated a methyl parathion degrading the mpd gene from
the Plesiomonas sp. strain M6. The sequencing and
cloning of this gene revealed that no region of extensive
DNA homology was observed between the mpd gene and
those in the Genbank database. A 31 %  similarity
between protein sequence and beta-lactamase was found,
suggesting the significant novelty of the gene-enzyme
system.

According to the analysis of DNA sequence of the oph
gene in the Achromobacter xylosoxidans GH9OP by using
conserved domains on NCBI,
(https://www.ncbi.nIm.nih.gov/Structure/cdd/wrpsh.cgi),
this gene is a member of the MBL-fold metallo hydrolase
superfamily, and has a beta lactamase fold which is mainly
hydrolytic enzymes involved in the organophosphates
hydrolysis (Bigley and Raushel, 2013). Salman et al.
(2010) reported that a total of sixty different enzymes
involved in organophosphate degradation are divided into
eight subgroups based on the type of organism. No
significant homology is observed overall, and poorly
aligned regions at the ends of proteins can be easily seen.
Moreover the active sites in all these enzymes do not
possess conserved amino-acid sequences. Consequently,
they give rise to a different active site structure.

Site-directed mutagenesis as a tool to manipulate
Catalytic mechanism and enzyme properties was
successfully used to enhance the activity of OPH against
racemic mixtures of organophosphorus enantiomers. Wu et
al. (2001) and Raushel, (2002) wused site-directed
mutagenesis for remoulding the size and shape of the
substrate binding subsites through rational restructuring.
However, due to unexpected influences exerted by
substituted amino acids, rational designs can fail
sometimes. It is the first time in this study to use EMS-
mutation induction as an effective and cost-effective
technique to improve the bacterial organophosphorus
hydrolase enzyme activity towards poorly degradable
substrates such as chlorpyrifos. The obtained higher
mutants such as AchM15 and AchM12 exhibited a cell
mass that was slightly equal to that of the wild type; this
means that the increase in the biodegradation activity is
related to the increase in the gene-enzyme expression. In
the highest mutants, the increase in the chlorpyrifos
biodegradation may be attributed to several reasons
including the overexpression of the gene encoding the
enzyme (organophosphorus hydrolase enzyme) responsible
for the OPs biodegradation, which increases the efficiency
of the secretion system. Changes in one or more amino
acids of the enzyme result in more binding efficiency
between the produced enzymes and their substrates leading
to more biodegradation activity. EMS is able to induce the
overproduction of other enzymes including a-amylase,
xylanase, cellulase and laccase indifferent bacterial strains.
When Hagq et al. (2009) treated Bacillus licheniformis with
EMS to improve the a-amylase production, the best mutant
increased was by about 39 % compared to the wild type

Strain. Hanim et al. (2013) improved xylanase production
from the xylanolytic bacteria using EMS, and the specific
activity was increased by 61.61 % from 9.317 U/g to
15.057 U/g. Narasimhan et al. (2013) used EMS to
improve the cellulase activity of Bacillus subtilis, and
mutant M57 showed 4.71 fold increasing in cellulase
activities. Verma et al. (2016) employed EMS to improve
the the production of laccase from Pseudomonas putida,
LUA15.1, isolated from rice rhizospheric soil samples of
paddy fields, in Himachal Pradesh (India). They obtained
mutant E4 (34.12 UJ/L) resulting in a 26.37 % increase in
the laccase activity compared to the wild strain (25.12
U/L). However, mutants, AchM34 and AchM38 showed
no biodegradation activity, and this may be attributed to
the damage of the structure gene where mutation changes
in the structure genes most probably result in the loss of
function (Ho and Chor, 2015). Their weak growth in the
minimal media containing chlorpyrifos as a carbon source
was due to their inability to produce the organophosphorus
hydrolase enzyme responsible for the chlorpyrifos
biodegradation and unused produced metabolites as a
carbon source.

Vijayabaskar et al. (2014) used the best UV mutant of
the Bacillus pumilus strain to further improve the Carboxy
methyl cellulase by EMS. This treatment improved the
activity by 96.24 %. Taking the same path, this study
obtained AchMS1 from the EMS mutation second-step for
AchM15. The increase in the biodegradation potential in
AchMS1 may be attributed to stabilizing the structure of
the enzyme and promoting the interactions between the
enzyme and its substrate. Moreover, when a microbial
culture is exposed simultaneously to mutagenic agents, the
frequency of mutation increases. The duplication of the
gene that occurred enables it to increase the inefficient
enzyme production. As a result, mutations may occur in
the enzymes’ structural gene, enabling the former and
inefficient enzymes to metabolize their substrates more
efficiently and effectively (Monroe, 2005). It can be
concluded that chemical mutagenic agents that possess the
ability to induce mutation have been a major driving force
in the field of genetic studies for the past seventy-five
years (Muller, 1930).

This study generated potent OPs-degrading bacterial
mutants contributing to increasing in OPS detoxification.
AchMS1 exhibited the ability to degrade chlorpyrifos into
non-polar compounds. This feature is rarely reported in
other chlorpyrifos-degrading microorganisms. In most
cases reported to date, the individual isolate is able to
transform chlorpyrifos by hydrolysis of ester linkage to
give TCP, which in turn accumulates in the batch cultures
or soils. Moreover, enhanced degradation could not occur
due to its antimicrobial properties (Anwar et al., 2009; Li
et al., 2010). TCP has an estrogenic activity and has
recently been listed as a potential endocrine disrupting
chemical by the Environmental Protection Agency (EPA,
2009) of the USA. Compared with the importance of TCP
degradation issue, studies concerning its degradation and
fate in the environment are very limited. Chen et al. (2012)
isolated a new fungal strain Hu-01 identified as
Cladosporium cladosporioides with a high chlorpyrifos-
degradation activity and utilized 50 mg/I of chlorpyrifos as
the sole carbon source at acidic pH 6.5. This study is in
contrast with his previous findings, because chlorpyrifos
biodegradation by the bacterial mutant in this study was
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perfect in a basic pH that is already present in most
Egyptian agriculture soils. Another important feature
worth mentioning is that the bacterial mutant under study
engaged in efficient degradation of chlorpyrifos at a high
concentration in contrast to other reports on the toxic
effects of OPs in diverse microorganisms (Racke et al.,
1990; Mallick et al., 1999). The high chlorpyrifos
tolerance and degradation capability of the bacterial
mutant make this mutant suitable for decontamination and
bioremediation of the Ops- contaminated sites.

5. Conclusion

The present study investigated the ability of the
Achromobacter  xylosoxidans  strain ~ GH9OP  in
chlorpyrifos biodegradation. This strain exhibited a high
chlorpyrifos biodegradation activity. The oph gene
encoding the organophosphorus hydrolase enzyme
responsible for chlorpyrifos biodegradation was cloned,
and the ORF of this gene was sequenced for the first time.
EMS mutation induction is an effective approach in the
enhancement of the chlorpyrifos biodegradation activity.
This study confirms the safe application of the AchMS1
bacterial mutant in chlorpyrifos bioremediation issues due
to the production of metabolites which are less toxic than
the parent substrate.
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Abstract

A total of twenty-three accessions of autochthonous grapevine cultivars from the collection of “Tegnennif’ Mascara in
Northwestern Algeria were genotyped using nine nuclear microsatellite loci (SSR) to characterize their genetic diversity, and
compare them with previous reports on cultivars at the germplasm collection of Skikda in Northeastern Algeria. The total
number of alleles was sixty-three, the mean number of alleles per locus was 7.9, while the expected and observed
heterozygosity values were 0.790 and 0.861 respectively. The most informative loci was VVMDS5 with an effective number
of alleles (Ne=6.62), while the low cumulative PI value was estimated to be 4.52 x 10'° reflecting the high discriminative
power of the chosen markers for the investigated set of grapevines. This study identifies three cases of synonyms within the
collection, ten cases of real duplication, and four cases of homonymous grape cultivars. These involved nine different
genotypes, six cases of pairs with the same name in both collections, while the remaining two cases are slightly different. In
any case, the genetic relationship, based on the shared alleles’ distance between the cultivars in both collections, showed
very high levels of similarity between homonymous accessions in both collections which indicates a significant number of
shared alleles in the studied loci. The results reported here are significant towards a better characterization of grapevine

accessions and can help in future germplasm management and the breeding efforts in Algeria.

Keywords: Germplasm collection, SSR, Characterization, Genetic diversity, Homonyms, Synonyms.

1. Introduction

Among the processes necessary for the conservation of
genetic resources is the establishment of genetic
collections to build the first barrier against genetic erosion.
Therefore, there is a big need to identity and clarify the
real number, evaluate genetic diversity, and study
relationships among accessions located in the smallest
possible area. Germplasm collections of grapevines were
created throughout the world with the aim to conserve the
existing autochthonous diversity (El Oualkadi et al., 2009).
The native genotypes are very well-adapted to local
environmental conditions, and probably contain genes of
different interests that could be considered as important
resources to plant breeders and geneticists (Santana et al.,
2008). One of the important troubles in grapevine cultivar
identifications is the abundance of synonyms and
homonyms at international, national, and regional levels,
complicated by errors in the material propagation,
altogether leading to a high number of mistakes and
repetitions in germplasm banks (Sefc et al., 2000; Diaz-
losada et al., 2013). During the last few years, accessions
from germplasm collection of Skikda have already been
identified and characterized using molecular analyses with
nuclear and chloroplastic microsatellites (Laiadi et al.,
2009) with ampelometric and SNP analyses (Zinelabidine

“ Corresponding author e-mail: ziane.laiadi @univ-biskra.dz.

et al.,, 2014). On the contrary, the accessions from the
germplasm collection of Mascara have only been
characterized through phyllometric measurements (Laiadi
et al., 2013). However, the common morphological
identification has several limitations, and does not
necessarily provide enough evidence for the correct
identification of the accessions (Nebish et al., 2017).
Molecular markers such as SSRs (simple sequence
repeats) or microsatellites have been demonstrated to be a
powerful tool for cultivar identification, and are
extensively used for the characterization of grapevine
collections (Ibafiez et al., 2003; Martin et al., 2003; This et
al., 2004; Costantini et al., 2005; Santana et al., 2008;
Laiadi et al. 2009; Zinelabidine et al., 2014; Maleti¢ et al.,
2015), and for the wverification of synonymies or
homonymies (Sefc et al., 2000; Crespan and Milani, 2001;
Schneider et al., 2001; Regner et al. 2006; Ferreira et al.,
2015; Goryslavets et al., 2015; Nebish et al., 2017).

This study is conducted to evaluate the genetic
diversity within the Mascara germplasm collection, and to
identify duplicates, synonyms, homonyms, and genetic
relationships of accessions after comparing them with
previous reports of genetic profiles from the germplasm
collection of Skikda that was considered a duplicate of the
first one. This study aims at enhancing the understanding
of genetic diversity among different genotypes in the
germeplam bank of grapevines at the ITAFV ‘Institut
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Technique de I’Arboriculture Fruitiere et de la Vigne
(ITAFV)’ in Algeria.

2. Material and Methods

2.1. Plant Material and DNA Extraction

The plant materials consisted of twenty-three samples
that were obtained from the grapevine collection located at
the Experimental Station of Teghennif (Mascara) in
Northwestern Algeria. These accessions belong to varieties
that are classified as critically-endangered according to the
‘Institut Technique de I’Arboriculture Fruitiére et de la
Vigne (ITAFV)’ in Algeria.

Genomic DNA was isolated from young frozen leaves
using the DNeasy™ Plant Mini Kit (Qiagen, CA, USA).
The DNA quality was determined on agarose gels (1 %)
and the concentration was measured by NanoDrop ND-
1000 spectrophotometer (Peglab, Erlangen, Germany).
Based on several criteria, the following nine
microsatellites were selected and amplified in a multiplex
PCR (Ibafiez et al., 2009b): VVS2 (Thomas and Scott,
1993), VVMD5, VVMD27, VVMD28 (Bowers et al.,
1999), ssrVrZAG29, ssrVIZAG62, ssrVrZAG67,
ssr'VrZAG83 and ssrVrZAG112 (Sefc et al., 1999). All
forward primers were labeled with either 6-FAM, VIC and
NED. Labels and multiplex PCR amplifications were done
according to Ibafiez et al. (2009a) in a total volume of 25
ML containing 5 ng of genomic DNA.

2.2. Data Analysis

To detect identical genotypes, « Identity 1.0 » software
(Wagner and Sefc, 1999) was used. The obtained profiles
were compared with those published genotypes in the
Skikda collection in Algeria (Laiadi et al., 2009). Several
genetic  diversity parameters were calculated using
GenAlEx 6.41 (Peakall and Smouse, 2006): the number of
alleles per locus (Na), the number of effective alleles (Ne),
Shannon’s Information Index, gene diversity or expected
heterozygosity (He), probability of identity per locus (Pl),
and cumulative PIl. The genetic distances between
individual accessions were calculated as the allele-sharing
distance (DAS) (Jin and Chakraborty, 1994), and a
dendrogram based on the distance matrix was constructed

using the neighbour-joining method (Saitou and Nei, 1987)
by Populations v. 1.2.30 (http://bioinformatics.org,
Langella, unpubl.), while Mega5.2 (Tamura et al., 2011)
was used to display it.

3. Results

3.1. Statistical Analyses.

A total of nineteen different SSR profiles were obtained
for the twenty-three accessions studied with the nine
markers (Table 1). Marker ssrVrZAG29 (ZAG29) showed
a very low polymorphism in the present study: only two
alleles and two genotypes in the whole population, and
thus the polymorphism analysis was not used for the
diversity study (Table 2). A total of sixty-three alleles were
detected at the remaining eight SSR loci, ranging from 4
(ZAG83) t010 (VVS2) and 11 (VVMD28) and with an
average of 7.87 per locus.

The most informative locus was VVMD5 with 6.62
effective alleles and the lowest probability of identity (P1=
0.041), followed by VVS2 (Ne=6.17; P1=0.045), while the
least informative (apart from ZAG29) was ZAG83 with
four alleles (Ne=3.02) and the highest probability of
identical genotypes (P1=0.17). These findings are in line
with results found by Boz et al. (2011) on fifty-five grape
cultivars from Southeast Anatolia (Turkey) using fourteen
SSR markers.

The observed heterozygosities (Ho) were very high,
with a mean value of 0.861. The highest level (0.94) was
detected at VVMD27 and ZAG 67, while the lowest (0.68)
was at ZAG83.

Values of Probability of Identity (PI) ranged between
0.041 and 0.168, with four out of eight markers close to
the value of 0.050 at which a grapevine microsatellite is
considered hyper- polymorphic (Sefc et al., 2001).The
cumulative Pl or probability to obtain individuals with
identical profile at all eight loci was estimated as 4.52 X
102, similar to those found by other authors for the same
number of markers in grapevine, such as 6.93 X 10
(Ibafiez et al., 2003) or 1.2 X 10°® (Hvarleva et al., 2004).
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Table 1. Genetic profiles of 23 Algerian V. vinifera L. cultivars analyzed at 9 microsatellite loci.

319

Allele sizes are given in base pairs (bp)

N°  Geno- Cultivar VVS2 VVMD5 VVMD27 VVMD28 ZAG29 ZAG62 ZAG67 ZAG83 ZAGl12
1 ;.ype Aberkane 137 137 236 240 183 194 239 263 109 109 196 200 137 153 190 192 236 236
2 2 Aneb el Cadi 143 145 232 236 189 194 249 263 109 109 188 200 137 137 195 195 232 238
3 3 Adadi des Bibans 133 137 232 240 183 189 247 261 109 109 186 204 123 137 190 195 227 232
4 3 Ain el Couma 133 137 232 240 183 189 247 261 109 109 186 204 123 137 190 195 227 232
5 4 Bouaber des Aures 133 143 232 232 191 194 247 261 109 109 204 204 123 129 190 190 236 240
6 3 Ahchichene 133 137 232 240 183 189 247 261 109 109 186 204 123 137 190 195 227 232
7 5 Ain el Kelb 135 143 236 240 181 189 247 261 109 109 188 204 129 137 195 195 227 238
8 6 Ahmar Mechtras 135 147 232 238 183 194 251 257 109 109 192 204 137 153 195 201 232 238
9 7 Valenci Noir 133 135 240 242 194 194 237 263 109 109 194 204 129 137 192 195 227 229
10 1 Muscat Noir 137 137 236 240 183 194 239 263 109 109 196 200 137 153 190 192 236 236
11 8 Torki 133 135 240 242 // [/l 235 261 109 109 194 204 123 137 195 195 227 229
12 9 Tizi Ouninel 133 143 226 240 183 185 247 261 109 111 188 200 129 137 192 195 227 232
13 10 Ghanez 133 137 236 238 183 194 247 251 109 109 200 204 129 137 190 201 236 238
14 11 Elwali 137 143 240 242 183 194 261 261 109 109 200 204 123 137 190 195 227 236
15 12 Farrana 143 145 228 240 179 194 251 261 109 109 186 186 147 149 195 195 227 227
16 13 Bezzoul el Khadem 133 143 238 238 179 181 247 261 109 111 188 188 129 158 190 190 229 229
17 14 Tizi Ounine 2 145 151 226 228 181 185 261 263 109 111 188 204 137 158 192 195 232 236
18 15 ShaaTolba 151 153 238 242 183 189 260 263 109 109 188 188 // /I 195 201 227 234
19 7 Tadelith 133 135 240 242 194 194 237 263 109 109 194 204 129 137 192 195 227 229
20 16 Sidi Ahmed draa el Mizen 137 155 226 242 179 194 247 261 109 109 188 204 123 137 190 192 227 240
21 17 Raisin de Bouni 137 149 226 248 185 194 237 247 109 109 188 204 123 137 190 192 232 245
22 18 El mokrani 133 149 232 240 179 194 237 247 109 111 192 204 137 153 190 195 227 245
23 19 Muscat d'Adda 133 133 226 228 179 185 271 271 109 109 192 204 123 147 190 195 232 259

Table 2. Genetic parameters obtained in eight SSR markers for 19
distinct genotypes: Statistical results for 8 microsatellite markers
used in the present study, namely Observed number of alleles
(Na), effective number of alleles (Ne), Shannon's Information
index (1), observed heterozygosity (Ho), expected heterozygosity
(He), and Probability of identity.

Locus Na Ne | Ho He Pl
VVS2 10 6.171 2.009 0.895 0.838 0.045
VVMD5 8 6.624 1966 0.895 0.849 0.041
VVMD27 7 4985 1754 0.944 0.799 0.066
VVMD28 11 5.685 2.001 0.895 0.824 0.051
ZAG62 7 4198 1.638 0.789 0.762 0.090
ZAG67 7 3.951 1.610 0944 0.747 0.096
ZAG83 4 3.021 1.216 0.684 0.669 0.168
ZAG112 9 5.823 1937 0.842 0.828 0.050
Sum 63  40.457

Mean 7.9 5.057 0.861 0.790
Cumulative 452 X 10"

3.2. ldentification of Synonyms

nSSR markers identified nineteen out of the twenty-
three genotypes analyzed, (Table 1). Given the low value
found for cumulative PI, cultivar names with identical
genotypes could be considered as synonyms, if no critical
morphological differences are found between them such as
berry color.

Ahchichene had been previously shown to be a
synonym for Adari des Bibans in the collection of Skikda
(Laiadi et al., 2009; Zinelabidine et al., 2014). In this

work, this synonym has been confirmed, and Ain el
Couma also showed the same DNA profile, while it had
been reported by the same authors as a different cultivar in
Skikda collection. Muscat Noir matched Aberkane, which
means ‘black’ in the Berber dialect in Northern Algeria; it
refers to the berry colour. Tadelith and Valenci Noir, both
with a black berry color, also had the same DNA profiles.

3.3. Cluster Analysis

Considering the twenty-three accessions analyzed here
as well as the twenty-seven unique accessions from Skikda
collection (Laiadi et al., 2009), thirty-six non-redundant
cultivars were found from both collections, with five
common SSR markers in both studies. A dendrogram
based on a genetic distance measure from those markers
was constructed using the Weighted Neighbour-Joining
method for a preliminary evaluation of genetic relatedness
between the investigated cultivars (Figure 1). Accessions
could be easily distinguished in the dendrogram despite
being homonymous. When five similar pairs were shared,
there is a significant number of alleles for the five loci
‘Bouni’or ‘raisin de Bouni’(# 2 /10 alleles) , “Tizi Ouinine
(S) with Tizi Ouinine2 (M) (% 4 /10 alleles) and ‘Ghanez’
(# 4 /10 alleles). The last pair is considered as the unique
pair in a separate group that did not appear close to other
accessions. ‘Tadelith’, ‘SbaaTolba’, ‘Elmokrani’ or
‘Amokrane’ in the Skikda collection are three cases of
homonymous pairs. They were organized in different sub
clusters which in fact did not show a clear relationship
between them for the five loci used in this comparison.
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As for ‘Elmokrani’ and ‘Elwali’ from Mascara , at first
they were thought to be replicated from ‘Amokrane’ or its
synonyms “Louali’ from Skikda, but eventually it seems to
be completely different between them and among other
groups, as well as between those cultivated in the Skikda
collection. The same cases were recorded with ‘Raisin de
Bouni’ in Mascara and ‘Bouni’ in Skikda collection, where
it was thought that the name used for the same cultivar can
be changed in different growing areas, but it turned out
that they were different at least in two alleles with both
loci VVMD5 and VVMD?28. Finally ‘Farana de Mascara’
or ‘Farrana’ was different from that called ‘Farrana Noir’
regarding the color of the berry which was black in the
latter and white in the former although they were located
in the same branch in the cluster.

Lekhzine.S
KabyleAldebert.S
MuscatdeFandouk2.S
Elmokrani.M

MuscatdeFandouk1.S
Boghni.S
Lakhdari.S

MuscatdeBerkain.S

MuscatelAdda.S

| E— Tadelith.M
L oM

Aberkane.S

Elwali.M
FaranaNoir.S
Amokrane.S
Ghanez.M
Ghanez.S

AhmardeMascara.S

Cherchelli.S
FaranadeMascara.S
AhmarMechtras.S

A nelKelb.S

BezzoulelKhadem.S
Tadelith.S
TiziOuininelM

AnebelCadi.S
Baladi.S
SultanineFandouk.S
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Figure 1. Dendrogram of 36 Algerian grapevine cultivars
genotyped at five nSSR loci. The dendrogram was built using the
Weighted Neighbour-Joining method with Populations software
1.2.32. (M. Mascara, S. Skikda).

4. Discussion

4.1. SSR Genetic Diversity

The results obtained from statistical analyses agree well
with those of previous works on Bulgarian (Hvarleva,
2004) and Turkish genotypes (Boz et al., 2011), in
particular in the variation range of alleles per locus;
VVMD28 was also found among the most discriminating
loci in a group of Muscats by Crespan and Milani (2001).

The values of observed heterozygosity are similar to
those found by some previous studies on grapevines, such

as 84.3 % in Castilian cultivars obtained with the
GENRES 081 set of six nuclear loci (Santana et al., 2008)
and higher than 81.0 % for ninety-six genotypes (Ibafiez et
al. 2003), 80.6 % for 163 genotypes (Martin et al., 2003),
and 78.4 % for seventy-three genotypes (Fernandez-
Gonzélez et al., 2007). These high values of
heterozygosity may indicate that most grapevine cultivars
were originally obtained through hybridization, and fixed
later by clonal propagation. The gene diversity or expected
heterozygosity (He) values were lower than the Ho values
for every marker, which may indicate either the absence of
null alleles or to their very low frequency (Ibafiez et al.,
2003). Gene diversity varied between 0.67 for ZAG83 and
about 0.85 for VVS2, VVMDS5, while the average gene
diversity value was 0.79, similar to that found by other
authors for He (Diaz-Losada et al., 2013; Goryslavets et
al., 2015)

4.2. Management of Germplasm Collections

The comparison of the nineteen non-redundant
genotypes of Mascara accessions with the twenty-seven
previously published for the Skikda collection (Laiadi et
al., 2009) showed some matches. Many accessions
conserved in Mascara are considered as duplicated in the
Skikda collection. Several cases were detected in Table 3:
Aberkane (1 in Table 1), Aneb el Cadi (2), Ain el Kelb (5),
Bezzoul el Khadem (16), and Muscat d'Adda (23), show
the same names and genotypes in both collections; Ahmar
Mechtras from Mascara and Ahmar de Mascara from
Skikda are two cultivars with the same first name ‘Ahmar’
meaning red in Arabic; this cultivar from Mascara is
different in the second name only. Ahchichene (6) and its
synonym Adadi des Bibans (3) from the Mascara
collection also matched in names and genotypes in both
collections with an additional synonym, Lekhzine, in the
Skikda collection as reported by Laiadi et al. (2009). The
synonym of Sidi Ahmed Draa el Mizen (20) in the
Mascara collection occurred as a result of changes in the
grammatical gender of the denomination (Diaz-Losada et
al., 2013) with Ahmed Draa el Mizen presented by
Amellal in Skikda collection. Each of these pairs shares
the same berry color. ‘Farrana’ (15) or ‘Farhana’ meaning
‘happy’ in Arabic according to Levadoux et al. (1971)
shows the same genotype with Farana de Mascara.

Table 3. Genotypic identities of Mascara and Skikda germoplasm
collections.

Accessions name of  Identical genotypes Berry colour

Skikda from Mascara

Lekhzine.S Adadi des Bibans.M White
Aberkane S Aberkane.M Black
Amellal.S Sidi Ahmed Draa el White

Mizen.M

Aneb el Cadi.S Aneb el Cadi.M White
Muscat d'Adda.S Muscat el Adda.M Black
Ain el Kelb.S Ain el Kelb.M White
Bezzoul el Khadem.S  Bezzoul el Khadem.M Black
Ahmar de Mascara.S ~ Ahmar Mechtras.M Pink to Red
Farrana de Mascara.S Farrana.M White

Kabyle Aldebert.S Bouaber des Aures.M Black

Four groups of homonyms were detected between the
two collections involving nine different genotypes (Table
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4): cases of pairs among them taking the same names in
both collections are ‘Ghanez’ *ShaaTolba’ ‘Tadelith’ and
“Tizi Ouinine 1, 2.

Form the comparison with previous results by the same
authors regarding the Skikda germplasm collection
published in 2009 and 2014, nine synonyms affecting
eighteen genotypes were detected. False duplicated or

homonyms were found for four cultivars, involving ten
genotypes. Nine genotypes were identified in the
collection of Mascara that have not been described
previously using SSRs.

Thus, the total current number of accessions to
represent local grapevines maintained at the both
collections is thirty-six.

Table 4. Homonymous grapevine cultivars analyzed at 5 microsatellite loci (allele sizes are given as base pairs). S. accession from Skikda

collection (Laiadi et al. 2009). M. accession from Mascara collection.

N° Homonymous Cultivar name  VVS2 VVMD5 VVMD27 VVMD28 VrZAG62

1 Ghanez (S)* 143 145 228 240 183 194 247 251 200 204
Ghanez (M) 133 137 236 238 183 194 247 251 200 204

2 ShaaTolba (S)* 133 145 226 234 179 194 221 255 188 204
ShaaTolba(M) 151 153 238 242 183 189 260 263 188 188

3 Tadelith (S)* 133 143 226 226 179 183 251 261 188 200
Tadelith (M) 133 135 240 242 194 194 237 263 194 204

4 TiziOuinine (S)* 145 151 226 228 185 194 261 261 188 188
TiziOuinine 2 (M) 145 151 226 228 181 185 261 263 188 204
TiziOuinine 1 (M) 133 143 226 240 183 185 247 261 188 200

5. Conclusion

The present study provides the first molecular database
for Algerian grapevine germplasm management. The
germplasm collection of ‘Teghennif’ thus contains
nineteen out of the twenty-three analyzed accessions of
autochthonous original cultivars with three cases of
recorded duplications involving seven genotypes. This
study shows the important genetic diversity in germplasm
collections for Vitis in Algeria. Unfortunately, only five
SSRs were utilized in the comparison of profiles; however
it becomes clear now that during the transfer of samples
there was a clear confusion in the proper labeling among
the cutting materials that were transferred from the mother
germplasm collection. In practice, stickers on cutting
materials may be easily dropped completely, leading to a
possible mislabeling especially if the person who
transferred the cutting is not specialized in the field. The
right thing to do in such cases is to remove all questionable
material from the GenBank and replace it with true to type
cutting material, thus, reducing the cost of effort, time,
and money to verify its identity.
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Abstract

Bacterial diseases are increasing at an alarming rate in the shrimp aquaculture production systems. To control microbial
diseases, a number of antimicrobial agents including antibiotics are used in shrimp farms which led to problems such as
antibiotic resistance. Therefore, the use of natural bacterial isolates or probiotics as an alternative method for the control of
pathogenic bacterial strains is gaining popularity. In this study, seven shrimp pathogens were isolated from a coastal shrimp
aquaculture system. Then, some common antibiotics and commercially available probiotics such as Bacillus. spp,
Pediococcus. spp. were applied against the pathogens. For antibiotics, the disc diffusion method was used, whereas the well
diffusion method was used for probiotics. Two common pathogens of shrimp hatcheries, namely V. parahaemolyticus and V.
vulnificus showed resistance against antibiotic cephalosporin and streptomycin. On the other hand, both probiotic bacteria
exhibited good results against all the pathogens including V. parahaemolyticus and V. vulnificus except probiotic Bacillus
spp against Bacillus fastidiosus. These results demonstrated that the use of probiotic bacteria within the shrimp aquaculture
could be a good solution for decreasing pathogenic microorganisms and reducing the antibiotic resistance problem in shrimp

hatcheries.

Keywords: Antibiotic resistance, Probiotics, Shrimp pathogens.

1. Introduction

The aquaculture industry is considered as one of the
major contributors to global food production. The growth
of the aquaculture industry is hampered by unpredictable
mortalities, many of which are caused by pathogenic
microorganisms. Bacterial diseases have been attributed to
biological production bottlenecks in intensive aquaculture,
hence necessitating the use of chemicals such as drugs and
antibiotics in health management strategies (Newaj-
Fyzul et al., 2015). The application of antibiotics had been
an effective strategy only at the beginning, but the
residuals remaining in the rearing environment exert
selective pressures for long periods of time, and this has
become a big challenge for health management (Lakshmi
et al., 2013). The indiscriminate use of antibiotics resulted
in the emergence of antibiotic-resistant bacteria in
aquaculture environments, the increase of antibiotic
resistance in fish pathogens, transfer of these resistance
determinants to the bacteria of land animals and to human
pathogens, and in alterations of the bacterial flora both in
sediments and in the water column (Verschuere et al.,
2000). An alternative method for controlling pathogenic
bacterial strains in shrimp cultures could be the
supplementation with pure cultures of natural bacterial
isolates (biocontrol or use of probiotics) which might

“ Corresponding author e-mail: reazul.m.karim@gmail.com.

produce chemical substances inhibiting the growth of
pathogens. The approach basically employs the activity of
microorganism that could suppress or inhibit the growth of
V. harveyiwithout causing a bad impact on the equilibrium
system in a particular microbial community. (Ohira et al.,
1996). This research is an attempt to present a comparative
study of the efficacy of conventional antibiotics and
probiotics against some pathogens isolated from coastal
shrimp aquaculture systems.

2. Materials and Methods

2.1. Sample Collection

Water, soil, raw water, treated water, and water from
post-larva culture were collected from a total of seven
shrimp hatcheries and grow-out ponds of Cox’s Bazar,
Bangladesh. The samples were taken in sterile containers,
and were immediately transferred to the laboratory.

2.2. Enumeration and Isolation of Bacteria

A Nutrient agar medium and a Thiosulfate Citrate Bile
Salts Sucrose (TCBS) agar medium were used for the
enumeration of bacteria. Serial dilution up to 10°% pour
plate and spread plate (Sanders et al., 2012) methods were
applied for the total count. The inoculated media were
incubated at 37°C for twenty-four to forty-eight hours.
After incubation, the plates having well-spaced colonies
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were placed on a colony counter (Stuart Scientific U K).
The colonies were counted and calculated by multiplying
the average number of colonies per plate by reciprocal of
the dilution factor. The calculated results were expressed
as colony forming units (CFU) per mL of the sample. The
colonies were selected for isolation on the basis of colony
morphology including elevation, margin, and surface. The
colonies were then transferred to nutrient agar slants and
purified through the streak plate method. The pure cultures
of the isolates were coded and kept in polythene bags and
preserved as a stock culture in the refrigerator at 4°C for
further study.

2.3. ldentification of Selected Isolates

The selected isolates were subjected to biochemical
tests, and the results were compared with the standard
descriptions given in “Bergey’s Manual of Determinative
Bacteriology”, 8" ed. (Buchanon and Gibson 1974) and 9"
ed. (Halt et al., 2000). The tests included Gram-staining,
spore staining, acid-fast staining, starch hydrolysis, VVoges
Proskauer (V-P) test, production of H,S, gelatin
liquefaction, nitrate reduction, indole, deep glucose agar,
catalase reaction, methyl-red, carbohydrate fermentation,
urease , motility , oxidase. Cultural and physiological
studies were also done.

2.4. Antibiotic Susceptibility Test (Bauer et al. 1966)

The isolates were subjected to the discs diffusion
method for antibiotic susceptibility against common
antibiotics. The test was performed on Mueller Hinton
agar plates. The suspension of the isolates was prepared
using sterile distilled water, and was adjusted to 0.5
McFarland standards. A 100uL suspension of freshly-
grown bacterial cultures was spread on Mueller Hinton
agar plates. The antibiotic discs were placed on the surface
of the agar and kept at 4°C for thirty minutes. Then, the
plates were incubated at 37°C for twenty-four to forty-
eight hours. Chloramphenicol (30ug), Penicillin G (10
Units), Erythromycin (15ug), Nitrofuran (30 pg),
Rifampicin ~ (5ug), Cephalosporin (30  pg), and
Streptomycin (10pg) (Manufacturer: Oxoid) were used to
observe the susceptibility pattern of the isolates.

2.5. Probiotic Efficacy Test (Vijayan et al. 2006)

Overnight culture filtrates of two probiotic bacteria
Bacillus spp. and Pediococcus spp (Manufacturer:
Lactospore) were used in the well diffusion method
(Magaldi et al. 2004) for the probiotic efficacy test. The
selected isolates were heavily seeded in the nutrient agar
plate. Then a hole was made in media by a sterile cork
borer in aseptic condition, and one drop of the malted agar
was poured into the hole to make a base layer. 0.1 mL
culture filtrates of probiotic bacteria (Bacillus spp. and
Pediococcus spp.) were poured into two separate holes.
The culture plates were kept at a low temperature (4°C) for
two-four hours for a maximum diffusion. The plates were
then incubated at 37°C for twenty-four hours. The efficacy
of the probiotic was determined by measuring the zone of
inhibition expressed by the diameter in millimeter. The
experiment was carried out more than once, and the mean
of reading was taken.

3. Results

3.1. Enumeration of Total Count:

The total bacterial count and Vibrio load count of the
collected samples are shown in Table
1. There is a variation in the bacterial count and Vibrio
load count among different types of
samples on the Nutrient agar medium and TCBS agar
medium (Figure 1)

Figure 1. Vibrio Load Count on TCBS Agar Medium

Table 1. Total bacterial count and Vibrio load count of the
collected samples at selected sampling sites.

Total

Sl. . Type of Bacterial Vibrio Load
Location Count
No. Sample Count (CFU/mL)
(CFU/mL)
Water 5 5
Mixing water sample 2.25x10 217x10
1.  zone at Kolatali, .
, Soil 5 N
Cox’s Bazar 6.24x10 4.14x10
sample
Raw water 3.19x10* 2.01x10*
Pioneer Shrimp
2 Hatchery Limited 20 531002 3.76x10°
water
_ Water ) gex10t 3.22x10°
3 Golden Shrimp sample
Hatchery Limited Soil 3.18x10° 4.54x10*
sample
Mixingwater VAT 5Eaag?  2.01x102
sample
4. zone at Sonapara, Soil
Cox’sBazar 2.37x10° 4.55x10°
sample
Raw water 2.37x10° 2.55x10°
United Hatchery "e2€0  46u102  232x10
- s water
5. Limited, Cox’s
Bazar Water
from algal 2.09x10? 4.61x107
culture
Raw water 3.18x10° 3.54x10°
Treated 5
Modern Hatchery water 2.15x10 0
6. Limited, Cox’s Water
Bazar from post 203x10° 3.20x10°
larval
culture
7. BaleyShrimp o water 431x10°  2.43x10°

Hatchery

3.2. ldentification of Selected Isolates

During the period of the study, a total of twenty
bacterial colonies were isolated according to their
morphological characteristics. Seven isolates (Coded as
AM1 to AM7) were finally selected from seven groups for
a detailed examination. The bacterial isolates were
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characterized  according to their  morphological
characteristics including the size and shape of the
organism, the arrangement of the cells, presence or
absence of the spores, regular or irregular forms, gram
reaction etc. The cultural and physiological characteristics
include temperature tolerance, salt tolerance, IMVIC test,
H,S production, nitrate reduction, deep glucose agar test,

fermentation of different carbohydrates etc. (Table 2). All
these characteristics were then compared with the standard
descriptions of “‘Bergey’sManual of Determinative
Bacteriology’’, 8th ed. (Buchanon and Gibson 1974) and
were found to be closely-related to the species given
below. (Table 3)

Table 2. Morphological and biochemical test results of selected isolates.

Parameters AM1 AM2 AM3 AM4 AM5 AM6 AM7
Vegetative cells Short rod Curved rod Short rod Curved rod Straight rod Curved rod Straight rod
(0.3-1.0 um (0.5-0.8 um  (1.75-2.63um  (0.5-0.8 um (1.1-1.5 um (1.1-1.5 ym (0.5-0.8 um
Cell arrangement Single or in Single Single, pair, Single Single or in Single Single or in
pair short chain. pair pair
Gram staining Gram -ve Gram -ve Gram +ve Gram -ve Gram -ve Gram —ve Gram -ve
Spore staining Non-spore Non-spore Spore former ~ Non-spore Non-spore Non-spore Non-spore
former former former former former former
Motility test Motile Motile Non motile Motile Motile Motile Motile
Catalase test + + + + + - -
Glucose broth Turbid Turbid Turbid Turbid Turbid Turbid Turbid
growth growth growth growth growth growth growth
Deep glucose agar Facultative Facultative Aerobic Facultative Facultative Facultative Facultative
test Anaerobic Anaerobic Anaerobic Anaerobic Anaerobic Anaerobic
Casein hydrolysis - + - + + + -
Starch hydrolysis - + + + + + -
Egg albumin test - - + + + -
Gelatin liquefaction + + - + - + +
Growth in synthetic - - - - - - -
media
Growth in inorganic + + - + - + +
salt
Citrate utilization - + - + - + Variable
Voges-Proskauer test - - - - - - Variable
Methyl red test + + - + + + +
Nitrate reduction test ~ + + + + + + +
H2S production - - + - - - -
Indole test - Variable - + + + +
Urease test - - + - + -
Oxidase test + + - + - + +
glucose, Acidandgas  + No acid and Acid without  Acid from Acid butno  Acid and
gas gas gas gas
Fructose Acid and gas + Acid without ~ Acidandgas  Acid from Alkali Alkali
gas without gas  without gas
Galactose Acid and gas + Alkali Alkali Acid from Acid and Acid and
without gas without gas gas gas
Sucrose Alkali - No acid and Acidand gas  Alkali Acid and Acid but
without gas gas without gas gas no gas
Lactose Alkali - Alkali Acid without  Acid from Alkali Acid and
without gas without gas gas without gas  gas
Xylose, Alkali - No acid and Alkali Alkali Alkali Alkali
without gas gas without gas without gas without gas  without gas
Avrabinose Alkali + No acid and Acidandgas  Acid from Alkali Acid but
without gas gas without gas  no gas
Maltose Alkali + No acid and Acid without  Alkali Acid butno  Acid but
without gas gas gas without gas gas no gas
Mannitol Alkali + Alkali Acid without  Acid from Acid and Acid but
without gas without gas gas gas no gas
pH 4.5 ++++ ++ - - +++ + +
pH 6.5 ++++ +++ ++++ +++ +++ ++ ++
pH7.5 +++ +++ +++ +++ +++ +++ +++
pH 8.5 +++ ++ - - ++ ++ +++
Temperature (5°C) - - + + - - -
Temperature (10°C) - + + + - - -
Temperature (27 °C) +++ +++ +++ +++ +++ +++ +++
Temperature (37 OC) +++ +++ +++ +++ +++ +++ +++

Temperature (45°C) -

Note: Positive (+ =Scanty, ++ = Moderate, +++ = Heavy), - = Negative
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Table 3. Species Name of Selected Isolates. using the standard discs (Figure 2). The probiotic
Code of Isolates Name of Species efficacy tests (Figure 3) were done by the well diffusion
AM1 Aeromonas salmonicida method. Figure 4 presents comparative results of
AM2 Vibrio parahaemolyticus antibiotic susceptibility and probiotic efficacy against the
AM3 Bacillus fastidiosus identified pathogens.
AM4 Vibrio vulnificus
AM5 Escherichia. Coli
AM6 Vibrio harveyi
AM7 Aeromonas bestiarum

3.3. Antibiotic Susceptibility Test and Probiotic

Efficacy Test

The antibiotic susceptibility test of the selected
isolates was performed by the disc diffusion method

Figure 3. Probiotic efficacy of Bacillus and Pedicococcus against isolate AM2
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mChloramphenicol (30ug]
W Erythromyein 15ug
20 ®m Hiraturan (30Ug)

mCephalospenin | 30ug)

W Streptormycin (10ug)
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® Pencillin (10U}

Ridampicin{5ug)

Bacllus. spp

=

Zone of Inhibitign (mm}

Pediococous. spp

Isollates

Figure 4. Comparative results of antibiotic susceptibility and
probiotic efficacy against the identified pathogens.

4. Discussion

The maximum bacterial load was found to exist in the
soil sample of the mixing water zone of Kolatali, Cox’s
Bazarand Sonapara, Cox’s Bazar. The waste water of the
hatchery, discharged with poor or no treatment, is
supposed to be responsible for making the raw seawater
contaminated. Wang and his co-workers published their
studies on the total bacterial counts of new and three-year-
old grow-out ponds for the cultivation of Liptopenaeus
vannamei. Their findings revealed that the total bacterial
count of a recently-constructed pond was 1.11x10°
CFU/mL, while it was 6.25x10® CFU/mL for a three-year-
old pound. Most of the Hatcheries’ total bacterial count
and total vibrio load count were found similar. The Vibrio
count of treated water was found slightly lower for some
hatcheries. The Vibrio species were V. wvulnificus, V.
harveyi and V. parahaemolyticus which are commonly
termed as the pathogenic bacteria for shrimp larvae. The
other identified bacteria have also detrimental effects for
shrimp hatchery management. The root causes of these
bacterial infections include the improper treatment of raw
water and the insufficient storage conditions of storage
tanks to maintain them as contamination-free. Moreover,
in hatcheries, the algal culture tank constitutes another
vital source of potential bacterial contamination where
both the total bacterial count and total vibrio count were
high. It is evident that V. harveyi is the most dominant
pathogenic Vibrio species that has a greater effect on
shrimp PL during the rearing period. According to Lavilla-
Pitogo et al.,, (1998) and Karunasagar et al., (1994),
Luminous bacteria, particularly V. harveyi, and
occasionally other luminous species, have become
recognized as a devastating pathogen of Penaeid shrimp
larvae and adults throughout Southeast Asia. The salinity
of this area facilitates the pathogenic Vibrio growth. This
environment proved congenial for harmful bacterial
species like Vibrio harveyi, V. fisheri, V. spplendidus and
V. wvulnificus for their survival and multiplication. To
prevent diseases’ outburst in shrimp hatcheries, the
temperature of the rearing water tanks, in particular, needs
to be maintained at optimum levels, and least fluctuations
in temperature would lead to luminous vibriosis. Although
motile aeromonads appropriately receive much notoriety
as pathogens of fish, it is important to note that these
bacteria also compose part of the normal intestinal

microflora of healthy fish. Therefore, the presence of these
bacteria, by themselves, is not indicative of a disease, and
consequently, stress is often considered to be a
contributing factor in the outbreaks of disease caused by
these bacteria. In the present study, the bacterial genus
Aeromonas was identified as the second most dominant
bacteria in the shrimp culture system. The prevalence of
this bacterium is an indication of its relation to pathogenic
infections of cultured shrimp. Two of the other bacteria
identified, namely B. fastidiosus and E. coli were also
reported to be present in the shrimp culture system of
which Bacillus spp. is used as the probiotic treatment in
shrimp hatcheries to control other bacterial growth.
Although E. coli is not so much reported in shrimp culture
systems, the presence of E. coli is not unexpected due to
the widespread availability of this organism which is also
regarded as the pathogenic microbes affecting shrimp
growth. All penaeid shrimp hatcheries encounter bacterial
problems that impact the production. Antibiotic treatments
to control pathogenic bacteria problems vyield varying
results. However, in the current research work, some of the
antibiotics showed effective results in controlling bacterial
growth in aquaculture. At present, the introduction of
Probiotics, as ‘bio-friendly agents’ such as lactic acid
bacteria and Bacillus spp. into the culture environment to
control and compete with pathogenic bacteria as well as to
promote the growth of the cultured organisms is gaining
popularity. The present study has used the following
antibiotics: Chloramphenicol, Erythromycin, Penicillin,
Rifampicin, Nitrofuran, Cephalosporin, Streptomycin and
some commercially available probiotics including
Bacillus. spp, and Pediococcus. spp.. Both probiotics
showed good results against all pathogens except B.
fastidiosus because B. fastidiosus itself is a genus of the
applied probiotic bacteria. Two common pathogens of
shrimp hatcheries, namely V. parahaemolyticus and V.
vulnificus exhibited resistance against the antibiotic
cephalosporin and streptomycin, but showed significant
zones of inhibition (22 mm against Bacillus spp., and 15
mm against Pediococcus spp. for V. parahaemolyticus, and
25.3 mm against Bacillus spp, and 20 mm against
Pediococcus spp for V. vulnificus) against probiotics. This
indicates that the presence of probiotic bacteria within the
shrimp aquaculture can cause a significant decrease of
pathogenic microorganisms through their antimicrobial
action against a wide range of shrimp pathogens. With the
use of antibiotics or disinfectants to kill bacteria, some
bacteria survive (either strains of the pathogen or others)
because they carry genes for resistance (Moriarty 1998).
These will then grow rapidly because their competitors are
removed.. Antibiotic-resistant bacterial strains develop and
flourish over a short period of time. In contrast, Probiotic
bacteria produce substances with bactericidal or
bacteriostatic effects on other microbial populations
(Servin 2004) such as bacteriocins, hydrogen peroxide,
siderophores, lysozymes, proteases, among many others
(Panigrahi 2007 and Tinh 2007). Besides, some bacteria
produce organic acids and volatile fatty acids (e.g., lactic,
acetic, butyric and propionic acids), that can result into the
reduction of pH in the gastrointestinal lumen, thus,
preventing the growth of opportunistic pathogenic
microorganisms (Tinh 2007).
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5. Conclusion

Waste water discharged from shrimp hatcheries and
aquaculture without any or proper treatment is a potential
source for microbial contamination within the shrimp
culture. The untreated waste water gets mixed with
seawater which is further used for hatchery operation. The
representative microbial population within a shrimp
culture includes the Vibrio spp., Aeromonas spp., Bacillus
fastidiosus and E. coli among which Vibrio and
Aeromonas are the pathogenic microorganisms which
cause diseases to shrimp. The antibiotic effects against
shrimp pathogens are strong enough to prevent any
microbial —growth; however, therapeutic  regimen
antibiotics used leave some negative impacts such as their
residual  toxicity, an emerging drug resistance,
immunosuppression, and the reduction of consumers’
preferences for drug-treated aquatic products in the
market. Accordingly, the demand for non-antibiotic-based,
and environmentally friendly agents is highly desired for
health management in aquaculture. The use of probiotics is
an effective alternative sustainable source of beneficial
microbes with bactericidal or bacteriostatic effects against
pathogenic bacteria, and with anti-bacterial, anti-viral, and
anti-fungal activities. Further studies on the probiotic
efficacy are still required to determine the appropriate
dosage per unit of the aquaculture water system before
commercial use.
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Abstract

This study was conducted to assess the efficacy of Alstonia boonei stembark oil extracted with five solvents (methanol,
ethanol, acetone, petroleum ether, and n-hexane) as a long-term storage protectant (after thirty, sixty, and ninety days of
treatment) against Callosobruchus maculatus in the Laboratory. The mortality of adult insects, oviposition, percentage of
adult emergence, progeny development, seed damage, weight loss, and beetle perforation index were measured and studied
in this research. The results showed that the n-hexane oil extract of the A. boonei stembark was the most toxic, which caused
45 %, 57.5 %, 67.5 % and 75 % of adult mortality of C. maculatus at the rates of 1 %, 2 %, 3 % and 4 %/ 20g of cowpea
seeds after thirty days of treatment respectively. It was followed by the petroleum ether oil extract, while the least toxic oil
was the acetone extract. Generally, the percentage of adult mortality of C. maculatus decreased with the increase of storage
periods (sixty and ninety days). The Alstonia boonei stembark oil extracted with non-polar and polar solvents completely
inhibited the perforation potential of bruchids. The extracted oil can definitely serve as a biopesticide for the protection of

cowpea seeds in storage up to ninety days against infestation by C. maculatus.

Keywords: Alstonia boonei, Perforation index; Progeny development, Callosobruchus maculates, cowpeas, Protectant.

1. Introduction

Postharvest losses of cowpea seeds by their major
coleopteran insect pest, Callosobruchus maculatus, has led
to seed perforation, reductions in weight, loss of nutritional
value, market value, and Vviability (Ofuya, 2001;
Akinkurolere, 2012; Idoko, 2016). Cowpea seeds are
considered by farmers of poor resources in the tropical
regions as the poor man’s meat to combat malnutrition in
young children instead of expensive protein sources such
as meat, fish, and eggs, Cowpea seeds can face up to 100
% losses in terms of qualities and quantities as a result of
C. maculatus infestation (Singh, 1985; Ogunwolu and
Odunlami, 1996; Akinkurolere et al., 2006; Akinkurolere,
2012; lleke, 2014).

Cowpea bruchid is a field-to-store coleopteran insect
pest. Their eggs are laid on the cowpea pods by adult
females before harvest and these can develop into larvae
that feed exclusively on the pods after they penetrate
through the pod covers and remain concealed within the
seeds (Southgate, 1978, Akinkurolere, 2012). During
harvest, the seeds infested with bruchid developmental
stages are conveyed to store where infestation continues,
and the emergence of adult C. maculatus leads to
secondary infestation such as fungi causing a total
destruction of the seeds’ viability within three to four
months (Singh and Jackai, 1985; Akinkurolere, 2012).

In order to reduce the qualitative and quantitative
losses, the management of C. maculatus by Nigerian
farmers has been dominated by the use of synthetic
chemical insecticides and fumigants (Park et al., 2003;
Akinkurolere, 2012; Idoko and Adesina 2012; lleke et al.,
2016). The use of synthetic chemical insecticides in the
developing countries is restricted by environmental,
financial, and safety contemplations. The high cost of
chemical insecticides has led to the indiscriminate use of
cheap pesticides of high mammalian toxicity to grains by
farmers and traders in most Nigerian markets, which
exposes the consumers of such products to chronic toxicity
(Akinkurolere, 2012). The indiscriminate use of synthetic
pesticides by untrained local farmers and traders has been
a major concern for agricultural and storage entomologists
all over the world who wish to find alternative methods
that are readily available, eco-friendly, and cheap in order
to replace the chemical insecticides (Adedire and Lajide
1999; Ogunwolu and Odunlami, 1996; Odeyemi et al.,
2006; lleke et al., 2012; 2013; 2016). The use of botanicals
as pesticides in order to solve the problems of high cost,
environmental hazards and the killing of the natural
enemies of the pests is gaining more attention. Recently,
researches have revealed that plant powders, ashes, oils,
extracts, and the latex of different plant parts are effective
protectants of stored cowpeas (Adedire and Lajide 1999;
Lale and Abdulrahman, 1999; Akinkurolere et al., 2006;
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Akinkurolere, 2007; lleke 2014; lleke et al., 2013; 2014;
Okosun and Adedire 2010; 2017).

Alstonia boonei belongs to the family Apocyanaceae. It
is an African large evergreen deciduous crude medicinal
tree that sheds its leaves annually. The plant is about 45 m
tall, and its trunk is 1.2 m in diameter. The plant stembark
and latex are applied in traditional medicine for treating
many diseases (Moronkola and Kunle, 2012). In traditional
African medicine, A. boonei is a medicinal plant used
extensively for the treatment of malaria, fever, intestinal
helminths, rheumatism, hypertension (Terashima, 2003;
Betti, 2004; Abel and Busia, 2005). The insecticidal
activity of A. boonei has been reported by several workers
(lleke and Oni 2011; lleke et al., 2012; lleke et al., 2013;
2014). lleke and Oni (2011) reported the insecticidal
potential of A. boonei stembark powder against Sitophilus
zeamais. lleke et al. (2012 and 2013) reported the
insecticidal activity of A. boonei powder against C.
maculatus and the response of cowpea bruchid to a 2 % of
A. boonei stembark oils extracted with methanol, ethanol,
acetone, petroleum ether, and n-hexane using cold
extraction methods. lleke et al. (2014) reported the
insecticidal activity of A. boonei latex against C.
maculatus.

Literature on the use of A. boonei stembark oils
extracted with methanol, ethanol, acetone, petroleum ether,
and n-hexane as long-term storage protectants against
cowpea bruchid is relatively scarce. The aim of this
research is to evaluate the A. boonei stembark oil extracted
with five solvents as a long-term storage protectant (after
thirty, sixty and ninety days of treatment) against C.
maculatus.

2. Materials and Methods

2.1. Insect Rearing

The adults of the cowpea bruchid, C. maculatus, were
supplied by Storage Entomology Research Laboratory,
Department of Biology, Federal University of Technology,
Akure, Nigeria. Eighty pairs of C. maculatus were
introduced into a 1L glass kilner jar containing 300g of
Vigna unguiculata (cultivar Ife brown) obtained from the
International Institute for Tropical Agriculture, Ibadan,
Nigeria. The beetle colony was maintained under constant
insectary conditions of 28+2°C and 75+5 % relative
humidity.

2.2. Plant Materials

The fresh stembark of A. boonei stem was obtained
from Akola farm, Igbara Odo Ekiti, Nigeria. The plant
stembark was first authenticated by a plant taxonomist at
the Department of Crop, Soil, and Pest Management,
Federal University of Technology, Akure, Nigeria. The
stembark was air- dried in the Laboratory for four weeks
before it was pulverized into fine powder using an electric
blender, and was sieved using a 1mm? perforation sieve.
The powder was kept in plastic containers with tight lids
and was stored in a refrigerator at 4°C prior to use.

2.3. Soxhlet Extraction of A. boonei Stembark.

Three hundred grams (300g) of the powdered stembark
was separately extracted with methanol, ethanol, acetone,
petroleum ether, and n-hexane using the Soxhlet extraction
method. The excess solvent was recovered using a rotary

evaporator vacuum. The resulting oil was concentrated by
air-drying to remove the traces of the solvent. From this
stock solution, different oil concentrations (1 %, 2 %, 3 %
and 4 %) were prepared separately.

2.4. Contact Toxicity of A. boonei Stembark Oil

Twenty grams (20g) of cowpea seeds that have been
previously treated for thirty (30), sixty (60) and ninety (90)
days with different concentrations (1 %, 2 %, 3 % and 4
%) of A. boonei stembark oils were used for this study.
Ten pairs of two — three-day-old adults of C. maculatus
were introduced to each of the containers and covered.
Four replicates of the treated and untreated controls were
laid out in Complete Randomized Design. The adult
mortality was assessed after twenty-four hours. The adults
were considered dead when probed gently with a fine
needle and showed no response. At the end of day one, all
insects, both dead and alive, were removed from each
container, and the eggs were counted and recorded before
returning the seeds to their respective containers.

The experimental setup was kept inside the insect-
rearing cage for thirty more days for the emergence of the
first filial (F1) generation. The containers were sieved oult,
and the newly- emerged adult cowpea bruchids were
counted and recorded. The percentage of adult emergence
was calculated as described by Odeyemi and Daramola
(2000):

% Adult Total number of adult emergence 100
A EETBeNCe = T tal number of larvae introduced 1

The percentage of reduction in adult emergence of F,
progeny or inhibition rate (IR) was calculated according to
the method described by Tapondju et al. (2002):

C, — Tn 100

C, 1
where C,, is the number of emerged insects in the control. and T,
is the number of emerged insects in the treated container.

% IR =

The percentage of weight loss of the cowpea seeds was
also determined:

Change in weight 100

% Weight 1 =
%o Weight loss Initial weight *

The numbers of damaged cowpea seeds were also
evaluated by counting wholesome seeds and the seeds with
bruchid emergence holes:

Number of seeds damaged 100

% Seed damage = X —
° & Total number of seeds 1

The percentage of seeds’ damage was calculated using
a standard method. Beetle Perforation Index (BPI) used by
Fatope et al. (1995) was adopted for the analysis of
damage. Beetle perforation index (BPI) was defined as
follows:

BPI % treated cowpea seeds perforated 100

% control cowpea seeds perforated x 1

BPI value exceeding fifty has been regarded as
enhancement of infestation by the weevil or negative
protectability of the extract tested.

2.5. Statistical Analysis

The mortality percentages were calculated and
corrected relative to the associated controls using Abbott’s
(1925) formula. Data were subjected to analysis of
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variance (ANOVA), and means were separated using the
new Duncan’s Multiple Range Test.

3. Results

3.1. Mortality of Adult C. maculatus in Treated Cowpeas

Table 1 presents the toxicity of A. boonei stembark oils after
thirty, sixty, and ninety days of treatment of adult mortality of C.
maculatus.

Table 1. Dose response mortality % of C. maculatus adults
treated with A. boonei stembark oils after 30, 60 and 90 days of
treatment.

Oils of A.  Concentration Mean % Mortality + S.E. after 30-90

boonei in % Days

extracted 30 60 90

by

Methanol 1 27.50£2.50° 25.00+2.89° 20.00+4.08°
Ethanol 25.00£2.89° 22.50+7.50° 17.50+2.50°
Acetone 17.50+¢2.50° 15.0+2.89°  12.50+3.74°
epf;;?'e”m 3250+7.50° 30.00+2.89° 27.50+2.50°
N-hexane 45.00+2.89° 37.50+2.50° 32.50+7.50"
Control 0.0 0.00£0.00>  0.00+0.00°  0.00+0.00%
Methanol 2 47.504+2.50° 40.00+4.08° 30.00+4.08"
Ethanol 37.50+2.89°° 32.50+7.50° 25.00+2.89"
Acetone 30.00+4.08° 27.50+2.50° 22.50+7.50°
epf;:r"e”m 55.00+2.89° 42.50+7.50™ 35.00+2.89°
N-hexane 57.50+2.50° 50.00+5.79° 37.50+2.50°
Control 0.0 0.00£0.00°  0.00+0.00°  0.00+0.00%
Methanol 3 50.00+5.79°  40.00+4.08" 30.00+4.08"
Ethanol 47.50+2.50™ 35.00+2.89° 27.50+2.50°
Acetone 37.50+2.50° 30.00+4.08° 22.50+7.50°
zf;:r"e”m 57.5042.50% 47.5042.50° 37.50+2.50°
N-hexane 67.50+2.50° 52.50+7.50° 40.00+4.08"
Control 0.0 0.00£0.00°  0.00+0.00°  0.00+0.00%
Methanol 4 62.50+7.50° 42.50+7.50” 30.00+4.08"
Ethanol 60.00+4.08°° 37.50+2.50% 27.50+2.50°
Acetone 4750+2.50° 32.50+7.50° 25.00+2.89°
zf;;?'e”m 575042.50° 50.0045.79° 37.50+2.50°
N-hexane 75.00+2.89° 55.00+2.89° 42.50+7.50°
Control 0.0 0.00£0.00°  0.00+0.00°  0.00+0.00%

Sixty days post-treatment, 37.5 %, 50 %, 52.5 % and
55 % rates of adult mortality of the cowpea bruchids were
recorded on cowpea seeds treated with the n-hexane oil
extract of A. boonei stembark at the rates of 1 %, 2 %, 3 %
and 4 % respectively. Ninety days post-treatment, the
rates 32.5 %, 37.5 %, 40 % and 42.5 % of adult mortality
of the cowpea bruchids were recorded on the seeds treated
with the n-hexane oil extract of A. boonei stembark at the
rates of 1 %, 2 %, 3 % and 4 % respectively. On the whole,
the percentage of adult mortality of C. maculatus
decreased with the increase of the storage period.

3.2. Effect of Treatments on C. maculatus Emergence

The effects of A. boonei stembark oils after thirty,
sixty, and ninety days of treatment on oviposition, adult
emergence, and reduction in progeny development of the
adults of C. maculatus are presented in Tables 2, 3, 4, and
5. In all cases, the ANOVA results showed that the
treatments had significant effects (P < 0.05) against the
emergence of the first filial generation of C. maculatus,
with the exception of the control groups. Thirty days post-
treatment, the methanol, ethanol, petroleum ether, and n-
hexane stembark oils reduced the number of eggs laid by
cowpea bruchids showing a 100 % reduction in progeny
development of adult bruchids at all of the tested
concentration rates (Tables 2, 3, 4, and 5).

Sixty days post-treatment, the methanol, ethanol,
petroleum ether, and n-hexane stembark oils at the rate of
4 % reduced the number of eggs laid by cowpea bruchid,
showing a 100 % reduction rate in progeny development
of adult bruchids, while the acetone extract of A. boonei
stembark showed 12.12 % of adult emergence and a 95 %
inhibition rate of progeny development of cowpea bruchid
(Table 5). The number of eggs laid, the percentage of adult
emergence, and progeny development of adult C.
maculatus all decreased as the extract concentrations
increased (Tables 2, 3, 4, and 5).

Table 2. Number of eggs laid, adult emergence and inhibition rate
(IR) of adult C. maculatus in cowpea seeds treated with 1% oil of
A. boonei stembark after 30, 60 and 90 days of treatment.

Each value is a mean + standard error of four replicates. Means
followed by the same letter along the column are not significantly
different (P>0.05) using New Duncan’s Multiple Range Test.

The n-hexane oil extract of A. boonei stembark caused
45%, 57.5%, 67.5% and 75 % of adult mortality of C.
maculatus at the rates of 1 %, 2 %, 3 % and 4 %/ 20g of
cowpea seeds after thirty days of treatment respectively.
This is followed by the petroleum ether oil extract of A.
boonei stembark which evoked 32.5 %, 55 %, 57.5 % and
67.5 % of the mortality of cowpea bruchid at the rates of 1
%, 2 %, 3 % and 4 % / 20g of cowpea seeds after thirty
days of treatment respectively. The least toxic oil was the
stembark oil extracted with acetone which evoked 17.5 %,
30 %, 37.5 % and 47.5 % of the mortality of adult C.
maculatus at the rates of 1 %, 2 %, 3 % and 4 % / 20g of
cowpea seeds after thirty days of treatment respectively.

Days 1% oil of Mean number % adult % IR + SE

after A.boonei of eggs laid = emergence =

treatment SE SE

30 Methanol ~ 8.50+1.23° 0.00+0.00% 100.00+0.009
Ethanol 8.75+0.85% 0.00+0.00% 100.00+0.009
Acetone  10.25+1.70® 29.2741.40°  82.35+3.50°®
Pet-ether ~ 8.50+1.23° 0.00+0.00% 100.00+0.009
N-hexane 8.00+0.91° 0.00+0.00% 100.00+0.009
Untreated 22.25+2.70°  76.41+3.25"  0.00+0.00°

11.11+0.43°  95.00+2.89"
Ethanol ~ 9.25+1.70°  21.62+1.67° 90.00+4.08°9
Acetone  11.00£0.91% 27.27+1.40°  85.00+2.89%f
Pet-ether  9.00+0.91°  11.11+0.43°  95.00+2.89"
N-hexane 8.75+0.85°  11.43+0.74°  95.00+2.89"
Untreated 25.00+2.89°  80.00+4.08"  0.00+0.00%

60 Methanol  9.00+0.91°

90 Methanol  10.00+0.91*°  40.00+4.08%  77.78+3.12%
Ethanol ~ 10.50+1.23% 47.62+2.53°  72.22+3.41°
Acetone  11.25+1.70® 71.11+3.43"  5556+2.65°
Pet-ether  10.00+0.91*°  40.00+4.08% 77.78+2.12%
N-hexane 9.75+0.85%  30.77+4.12% 83.33+3.45%
Untreated 23.00+2.96°  78.26+3.38"  0.00+0.00%

Each value is a mean + standard error of four replicates. Means
followed by the same letter along the column are not significantly
different (P>0.05) using New Duncan’s Multiple Range Test.
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Table 3. Number of eggs laid, adult emergence and inhibition rate
(IR) of adult C. maculatus in cowpea seeds treated with 2% oil of
A. boonei stembark after 30, 60 and 90 days of treatment.

Days 2% oil of Mean % adult % IR £ SE

after A. boonei number of  emergence +

treatment eggs laid + SE

SE

30 Methanol  7.50+1.23°  0.00£0.00*  100.00+0.00°
Ethanol ~ 7.75%0.85°  0.00£0.00*  100.00+0.00°
Acetone  9.50+1.23®  21.05+1.40™ 88.35+3.20°
Pet-ether 7.50+1.23°  0.00£0.00*  100.00+0.00°
N-hexane 7.25+1.70°  0.00£0.00*  100.00+0.00°
Untreated 22.25#2.70° 76.41+3.25"  0.00+0.00°

60 Methanol  8.75+0.85°  11.43+0.74°  95.00+2.89%
Ethanol ~ 9.00+0.91°  11.62+0.43° 90.00+4.08%
Acetone  10.75+0.85® 37.21+2.39" 85.00+2.89°
Pet-ether  9.75+0.85®  10.26+1.02°  95.00+2.89°
N-hexane 8.25+1.70°  0.00£0.00°  100.00+0.00°
Untreated 25.00+2.89° 80.00+4.08"  0.000.00°

90 Methanol  9.75+0.85°  30.77+4.16% 83.33+3.35"
Ethanol ~ 10.25+1.70® 39.02+3.91% 72.78+2.12"
Acetone  11.00+0.91" 54.55+2.83° 66.67+2.31°
Pet-ether  10.00+0.91° 30.00+4.08° 83.33+3.35"
N-hexane 9.75+0.85°  20.51+4.20° 88.89+3.27®
Untreated 23.00+2.96° 78.26+3.38"  0.00+0.00°

Each value is a mean + standard error of four replicates. Means
followed by the same letter along the column are not significantly
different (P>0.05) using New Duncan’s Multiple Range Test.

Table 4. Number of eggs laid, adult emergence and inhibition rate
(IR) of adult C. maculatus in cowpea seeds treated with 3% oil of
A. boonei stembark after 30, 60 and 90 days of treatment.
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development of adult bruchids, while the methanol,
ethanol, and acetone extracts of A. boonei stembark oils
allowed 11.43 %, 11.11 %, and 3243 % of adult
emergence and 94.44 %, 94.44 % and 83.33 % inhibition
or reduction rates of progeny development of cowpea
bruchid respectively (Table 5).

Table 5. Number of eggs laid, adult emergence and inhibition rate
(IR) of adult C. maculatus in cowpea seeds treated with 4% oil of

A. boonei stembark after 30, 60 and 90 days of treatment.

Days 4% oil of Mean %adult % IR£SE

after A.boonei  number of  emergence

treatment eggs laid + + SE

SE

30 Methanol 6.25+1.70°  0.00£0.00°  100.00+0.00°
Ethanol ~ 6.25+1.70°  0.00£0.00°  100.00+0.00°
Acetone  7.25¢1.70°  0.00£0.00°  100.00+0.00°
Pet-ether  6.0020.91°  0.00£0.00°  100.00+0.00°
N-hexane 5.75x0.85°  0.00£0.00°  100.00+0.00°
Untreated 22.25+2.70" 76.41+3.25° 0.00£0.00°

60 Methanol 7.00£0.91°  0.00£0.00°  100.00+0.00°
Ethanol ~ 7.50%1.23°  0.00£0.00°  100.00+0.00°
Acetone  8.25+170°  12.12+1.63" 95.00+2.89"
Pet-ether 7.00£0.91°  0.00£0.00°  100.00+0.00°
N-hexane 6.75+0.85°  0.00£0.00°  100.00+0.00°
Untreated 25.00+2.89° 80.00+4.08° 0.00+0.00°

90 Methanol 8.75+0.85°  11.43+0.74° 94.44+3.62"
Ethanol  9.00£0.91°  11.11+0.58" 94.44+3.62"
Acetone  9.25+1.70®  32.43+2.74° 83.33+3.35°
Pet-ether 8.25%1.70°  0.00£0.00°  100.00+0.00°
N-hexane 8.00£0.91°  0.00+0.00°  100.00+0.00°
Untreated 23.00+2.96™ 78.26+3.38° 0.000.00°

Days 3% oil Mean % adult % IR £ SE

after of A. number of  emergence

treatment boonei eggs laid + SE

SE

30 Methanol 7.25£1.70*°  0.00£0.00°  100.000.00"
Ethanol ~ 7.50£1.23*  0.00£0.00°  100.000.00"
Acetone  9.25+1.70®  10.81+1.40° 94.12+2 .63
Pet-ether 7.00£0.91*°  0.00£0.00°  100.000.00"
N-hexane 6.75£0.85*  0.00£0.00°  100.000.00"
Untreated 22.25+2.70" 76.41+3.25° 0.00+0.00°

60 Methanol 8.00£0.91*°  0.00+£0.00°  100.000.00"
Ethanol ~ 8.00£0.91°  12.50+1.23° 90.00+4.08"
Acetone  9.00+£0.91°  22.22+2.41™ 85.00+2.89°*
Pet-ether 7.75£0.85*  0.00£0.00°  100.000.00"
N-hexane 7.25+1.70*°  0.00£0.00°  100.000.00"
Untreated 25.00+2.89° 80.00+4.08° 0.00+0.00%

90 Methanol 9.00£0.91°  22.77+2.41" 88.89+3.22
Ethanol ~ 9.25+1.23*  32.43+2.74° 83.333.35™
Acetone  10.00£0.91* 50.0045.79 72.22+3.41°
Pet-ether 9.00£0.91°  11.11+0.58"° 94.44%3,62°
N-hexane 8.75:0.85° 11.43+0.74° 94.44%3,62°
Untreated 23.00+2.96™ 78.26+3.38° 0.00+0.00°

Each value is a mean + standard error of four replicates. Means
followed by the same letter along the column are not significantly
different (P>0.05) using New Duncan’s Multiple Range Test.

Ninety days post-treatment, the petroleum ether and n-
hexane stembark oils at the concentration rate of 4 %
reduced the number of eggs laid by cowpea bruchids

showing a 100

%

reduction

rate

in the progeny

Each value is a mean + standard error of four replicates. Means
followed by the same letter along the column are not significantly
different (P>0.05) using New Duncan’s Multiple Range Test.

3.3. Beetle Perforation Index caused by C. maculatus

The percentage of seeds’ damage, weight loss, and
Beetle Perforation Index caused by C. maculatus in
cowpea seeds treated with A. boonei stembark oils after
thirty, sixty and ninety days of treatment are shown in
Table 6, 7, 8, and 9. Thirty days post-treatment, the
methanol, ethanol, petroleum ether, and n-hexane of
stembark oils completely protected the seeds from being
damaged by cowpea bruchids at all the concentrations
tested. There was neither seed damage nor weight loss
observed in the cowpea seeds treated with the acetone oil
of A. boonei stembark and BPl was zero for the
concentrations tested after thirty days of application
(Tables 6, 7, 8, and 9).

Sixty days post-treatment, the methanol, petroleum
ether, and n-hexane of the stembark oil extracts completely
protected the seeds from being damaged by cowpea
bruchid at the rates of 2%, 3%, and 4%.

Ninety days post-treatment, only the n-hexane oil
completely protected the cowpea seeds from being
damaged by C. maculatus. The n-hexane oil effect was not
significantly different from the petroleum oil extract of A.
boonei. Generally, the percentage of seed damage, weight
loss, and Beetle Perforation Index by C. maculatus
increased with increase of the storage period. Conversely,
the percentages of seed damage, weight loss, and Beetle
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Perforation Index by C. maculatus decreased with the
Table 6. Perforation Index caused by C. maculatus in cowpea seeds treated with 1% oil of A. boonei stembark oil after 30, 60 and 90 days

of treatment.

increase in

the oil
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concentrations.

Days after 1% oil of A.

Mean total number

Mean number of

Mean % cowpea

Mean % weight

Beetle perforation

treatment  boonei of cowpea seeds damaged cowpea seeds  seeds damaged loss Index (BPI)*
30 Methanol 93.00 0.00 0.00+0.00* 0.00+0.00* 0.00+0.00*
Ethanol 94.75 0.00 0.00+0.00* 0.00+0.00* 0.00+0.00*
Acetone 94.00 3.25 3.46£0.11* 6.24+0.68" 18.39+1.16°
Pet-ether 95.25 0.00 0.00+0.00* 0.00+0.00* 0.00+0.00*
N-hexane 92.75 0.00 0.00+0.00* 0.00+0.00* 0.00+0.00*
Untreated 93.00 17.50 18.81+1.19° 62.52+2.21° 50.00+0.00°
60 Methanol 93.75 1.00 1.07+0.54% 3.07£0.54® 5.06+0.73"
Ethanol 94.25 1.50 1.59+0.11% 3.70£0.97* 7.52+1.21°
Acetone 94.00 4.00 4.26+0.57" 7.38+0.18" 20.15+4.74°
Pet-ether 95.00 1.00 1.05+0.42% 2.92+0.87® 4.97+0.95"
N-hexane 92.75 1.00 1.08+0.76® 3.11+0.61* 5.11+0.43"
Untreated 94.75 20.25 21.14+2.66° 65.68+3.83° 50.00+0.00°
90 Methanol 94.50 4.25 450£0.23" 7.74£0.83" 23.24+2.63°
Ethanol 93.00 5.50 5.91+1.19 7.80+£0.23* 30.53+4.74%
Acetone 94.00 8.00 8.51+1.91° 9.63+0.61° 43.96+2.96%
Pet-ether 95.00 4.75 5.00£0.91° 7.29+0.46%® 25.83+2.82°
N-hexane 93.75 3.50 3.73+0.86® 6.34£1.44® 19.27+3.40°
Untreated 94.25 18.25 19.36+0.62° 63.67+3.08° 50.00+0.00°

Each value is a mean + standard error of four replicates. Means followed by the same letter along the column are not significantly different

(P>0.05) using New Duncan’s Multiple Range Test.

*Beetle Perforation Index (BPI). Value lower than 50 is an indication of positive protectant effect while BPI greater than 50 is an indication

of negative protectability.

Table 7. Perforation Index caused by C. maculatus in cowpea seeds treated with 2% oil of A. boonei stembark after 30, 60 and 90 days of

treatment

Days after 2% oil of A.  Mean total number ~ Mean number of Mean % cowpea Mean % Beetle perforation

treatment  boonei of cowpea seeds damaged cowpea seeds  seeds damaged weight loss Index (BPI)*

30 Methanol 94.25 0.00 0.000.00° 0.000.00° 0.000.00°
Ethanol 93.75 0.00 0.000.00° 0.000.00° 0.000.00°
Acetone 95.00 2.50 2.63x0.61%* 4.99+0.72° 13.39+1.67™
Pet-ether 93.50 0.00 0.000.00° 0.000.00° 0.000.00°
N-hexane 94.75 0.00 0.000.00° 0.000.00° 0.000.00°
Untreated 95.00 17.50 18.81+1.19° 62.52£2.21°  50.00+0.00"

60 Methanol 93.50 1.25 1.34£0.41® 3.62+0.59% 6.34+1.41°
Ethanol 94.00 1.75 1.86+0.19® 3.96+0.95® 8.80x1.20™
Acetone 95.25 4.25 4.46+0.15 7.89+1.22° 21.10+4.98%
Pet-ether 94.00 1.25 1.33£0.03% 3.55+0.11%* 6.29+1.39"
N-hexane 93.00 0.00 0.000.00° 0.000.00° 0.000.00°
Untreated 94.75 20.25 21.14+2 66° 65.68+£3.83°  50.00+0.00"

90 Methanol 93.00 3.50 3.76x0.11%® 4.74+0.54% 19.42+2.75¢
Ethanol 92.75 4.25 458+0.13 4.71+0.97%® 23.66+3.79%
Acetone 94.25 6.50 6.90+1.29° 7.3840.18° 35.64+2.59°
Pet-ether 95.00 3.00 3.160.37%® 3.92+0.87%® 16.32+2.74%
N-hexane 94.25 2.25 2.39+0.61%® 3.19+0.61% 12.35+3.20"
Untreated 94.25 18.25 19.36+0.62° 63.67+3.08°  50.00:0.00f

Each value is a mean + standard error of four replicates. Means followed by the same letter along the column are not significantly different

(P>0.05) using New Duncan’s Multiple Range Test.

*Beetle Perforation Index (BPI). Value lower than 50 is an indication of positive protectant effect while BPI greater than 50 is an indication

of negative protectability.
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Table 8. Perforation Index caused by C. maculatus in cowpea seeds treated with 3% oil of A. boonei stembark after 30, 60 and 90 days of

treatment

Days after 3% oil of A, Mean total number ~ Mean number of Mean % cowpea Mean % Beetle perforation

treatment boonei of cowpea seeds damaged cowpea seeds  seeds damaged weight loss  Index (BPI)*

30 Methanol 94.00 0.00 0.00£0.00° 0.00£0.00°  0.00+0.00°
Ethanol 92.25 0.00 0.00£0.00° 0.00£0.00°  0.00+0.00°
Acetone 94.00 1.25 1.33+0.35% 3.55+0.11%  7.07+0.54
Pet-ether 93.75 0.00 0.00£0.00° 0.00£0.00°  0.00+0.00°
N-hexane 92.75 0.00 0.00£0.00° 0.00£0.00°  0.00+0.00°
Untreated 95.00 17.50 18.81+1.19° 62.52+42.21°  50.00+0.00°

60 Methanol 95.00 0.00 0.00£0.00° 0.00£0.00°  0.00+0.00°
Ethanol 94.25 1.00 1.06+0.51% 3.47+0.14®  5.01+0.84°
Acetone 92.75 2.50 2.70£0.97%® 4.96+0.94°  12.77+1.81%
Pet-ether 94.75 0.00 0.00+0.00° 0.00£0.00°  0.00+0.00°
N-hexane 93.25 0.00 0.00£0.00° 0.00£0.00°  0.00+0.00°
Untreated 94.75 20.25 21.14+2.66° 65.68+3.83°  50.00+0.00°

90 Methanol 94.75 2.25 2.38+0.18% 3.11+0.43%°  12.29+1.39"
Ethanol 94.00 3.75 3.99+0.67%® 3.96+0.23"  20.61+4.58%
Acetone 93.50 5.50 5.88+1.23° 6.59+0.09°  30.37+4.15d
Pet-ether 92.75 1.50 1.62+0.59® 3.8020.21®  8.37+1.15
N-hexane 95.00 1.25 1.36+0.07% 2.60£0.13%  7.03+1.64°
Untreated 94.25 18.25 19.36+0.62° 63.67+3.08°  50.00+0.00°

Each value is a mean + standard error of four replicates. Means followed by the same letter along the column are not significantly different
(P>0.05) using New Duncan’s Multiple Range Test.

*Beetle Perforation Index (BPI). VValue lower than 50 is an indication of positive protectant effect while BPI greater than 50 is an indication

of negative protectability.

Table 9. Perforation Index caused by C. maculatus in cowpea seeds treated with 4% oil of A. boonei stembark after 30, 60 and 90 days of

treatment

Days after 4% oil of A, Mean total number  Mean number of Mean % cowpea  Mean % weight ~ Beetle perforation

treatment  boonei of cowpea seeds damaged cowpea seeds  seeds damaged loss Index (BPI)*

30 Methanol 92.75 0.00 0.00+0.00* 0.00+0.00* 0.00+0.00*
Ethanol 93.50 0.00 0.00+0.00° 0.00+0.00° 0.00+0.00°
Acetone 93.00 0.00 0.00+0.00° 0.00+0.00° 0.00+0.00°
Pet-ether 94.00 0.00 0.00+0.00* 0.00+0.00* 0.00+0.00*
N-hexane 93.25 0.00 0.00+0.00° 0.00+0.00° 0.00+0.00°
Untreated 95.00 17.50 18.81+1.19° 62.52+2.21° 50.00:0.00°

60 Methanol 94.00 0.00 0.00+0.00* 0.00+0.00* 0.00+0.00*
Ethanol 93.50 0.00 0.00+0.00° 0.00+0.00° 0.00+0.00°
Acetone 93.00 1.50 1.61+0.58* 3.83+0.29% 7.61+1.58°
Pet-ether 92.75 0.00 0.00+0.00* 0.00+0.00* 0.00+0.00*
N-hexane 95.00 0.00 0.00+0.00° 0.00+0.00° 0.00+0.00°
Untreated 94.75 20.25 21.14+2.66" 65.68+3.83° 50.00:0.00°

90 Methanol 93.00 1.50 1.61+0.58% 3.83+0.29® 8.32+1.41™
Ethanol 94.00 1.75 1.85+0.19% 3.96+0.23%® 9.61+1.58™
Acetone 95.00 3.50 3.68+0.82* 4.59+0.09" 19.01+2.89°
Pet-ether 93.00 1.00 1.08+0.97% 2.11£0.43* 5.58+0.13"
N-hexane 93.75 0.00 0.00+0.00° 0.00+0.00° 0.00+0.00°
Untreated 94.25 18.25 19.3620.62" 63.67+3.08° 50.000.00"

Each value is a mean + standard error of four replicates. Means followed by the same letter along the column are not significantly different
(P>0.05) using New Duncan’s Multiple Range Test.

*Beetle Perforation Index (BPI). VValue lower than 50 is an indication of positive protectant effect while BPI greater than 50 is an indication

of negative protectability.
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4. Discussion

Entomologists employed many procedures to screen
plant materials for their efficacy against cowpea bruchid,
C. maculatus (Adedire and Lajide, 1999; Ogunwolu and
Odunlami, 1996; Okonkwo and Okoye, 1996;
Akinkurolere, 2016; lleke, 2014). In all of the tested
procedures, efficacious materials adversely affected the
beetles by killing them, at the adult, pupal and larval
stages, exterminated oviposited eggs, or prevented the full
expression of oviposition through antifeedants, fumigants,
repellents, attractants and contact poisoning (Ogunwolu
and Odunlami, 1996; Boeke et al., 2001 Akinkurolere et
al., 2006; Akinkurolere, 2012).

The results of this study show that the n-hexane oil
extract from A. boonei stembark with the lowest beetle
perforation index, was the most effective against C.
maculatus, showing the highest bruchid mortality,
suppressing F; emergence, causing low seed damage and
weight loss as well as reducing the high residual toxicity
thirty, sixty and ninety days after treatment. This is
followed by the petroleum oil extract of A. boonei
stembark, while the least effective was the acetone oil
extract of A. boonei stembark. Significantly, less eggs
were laid, at all of the tested concentrations by the bruchid
on the cowpea seeds protected with the A. boonei stembark
oils extracted with five solvents compared with the
numbers of eggs laid on the untreated cowpea seeds.
Previous studies have reported the insecticidal activity of
A. boonei after four days of treatment (lleke and Oni 2011;
lleke et al., 2012; lleke et al., 2013; 2014). lleke and Oni
(2011) reported the insecticidal potential of A. boonei
stembark powder after four days of treatment against
Sitophilus zeamais. lleke et al. (2012 and 2013) reported
the insecticidal activity of A. boonei powder and latex after
four days of treatment against C. maculatus and the
response of cowpea bruchid to the treatment with a 2% of
A. boonei stembark oils extracted with methanol, ethanol,
acetone, petroleum ether, and n-hexane using cold
extraction methods. lleke et al. (2014) reported the
insecticidal activity of A. boonei latex after four days of
treatment against C. maculatus. The present study
confirmed the earlier reports of the insecticidal potential of
A. boonei stembark oils and the persistence of bioactive
compounds present in the studied plant part. The oils were
able to protect the seeds up to three months after treatment.
The plant extracts contain some chemical compounds of
the triterpenoids, indole and alkaloid groups such as
alstonine, astondine, and porphine (Phillipson et al. 1987).

The greater effectiveness of n-hexane, petroleum ether
(non-polar) oils over the methanol, ethanol (polar) oils
may be a result of the more bioactive compounds in the
non-polar oils than the polar oils Ho et al. (1994, 1995,
1996). The undamaged cowpea seeds treated with non-
polar and polar oils of A boonei stembark may be
attributed to the oil content of the plant part, which could
have blocked the respiratory tracts (spiracles) of the
insects, leading to their death and also reducing the F;
generation and the seed damage (Dike and Mbah, 1992;
Akinkurolere, 2012). The non-effectiveness of acetone oils
compared to the non-polar and polar oils may be ascribed
to the polarity of acetone which is intermediate between
polar (methanol, ethanol) and non-polar (n-hexane,
petroleum ether) solvents, which means it may not be able

to extract all the polar or the non—polar constituents of the
powdered A. boonei stembark. Okosun and Adedire (2010;
2017) reported the non-effectiveness of the acetone extract
of Monodora myristica seeds against C. maculatus. Su
(1989) reported a lesser toxicity of the acetone extract of
Myristica fragnans to C. maculatus, Lasioderma
serricorne and T. castaneum, though it was found
moderately toxic to Sitophilus oryzae.

The A. boonei stembark oils did not completely prevent
oviposition by C. maculatus on cowpea seeds.
Nevertheless, the results indicate that A. boonei stembark
oils manifested great anti-oviposition activity against the
C. maculatus based on the insignificant percentage of adult
emergence. At higher concentrations of 3 % and 4 %, the
A. boonei stembark oils made the cowpea seeds immune to
C. maculatus attacks even after three months of treatment.
The oils may prevent the bruchids from moving freely
thereby preventing mating among adult insects (Wolfson
et al., 1991). The inability of the insect to oviposit resulted
in insignificant weight and damage losses. The perforation
index was also minimal compared with the negative
protectant (above 50%) recommended by Fatope et al.
(1995).

5. Conclusion

The novelties in the use of A. boonei stembark oils
extracted with five solvents (methanol, ethanol, acetone,
Petroleum ether, and n-hexane) using soxhlet extraction
method as long-term storage protectants (30, 60 and 90
days) against C. maculatus have been highlighted in this
study. The Alstonia boonei stembark oil extracted with
non-polar and polar solvents could serve as biopesticides
for the protection of cowpea seeds against infestation by
cowpea bruchid, C maculatus. The anti-oviposition
exhibited by the studied plant part was greatly reflected in
the beetle perforation index which is insignificant
compared with negative protectants (above 50%)
recommended by Fatope et al. (1995). The plant is eco-
friendly, biodegradable and readily available in the tropical
region. The oils can be ranked in terms of their
effectiveness as follows: n-hexane > Petroleum ether >
ethanol > methanol > acetone.
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Abstract

Microbial communities of blood cockles (Anadara granosa) collected from blood cockle farms at the coastal area of
Northern Malaysia were examined using a standard cultivation method and 16S rRNA Illumina sequencing analysis. This
study is aimed at identifying the major abundance of blood cockles’ microbes and their potential relationship with different
farm locations and environmental conditions. 16S rRNA Illumina sequencing and culturable microbial numbers were found
to be slightly different among the samples in two different farms probably because of some environmental factors such as
pollution, fresh water load, and the distance or closeness between the farm location and agricultural and industrial zones. The
results indicated that most of the microbes found were typically present in blood cockles and in highly dynamic
communities. The results revealed that there were slight similarities among the sampling times, and significant differences
regarding the microbes’ numbers between the different farm locations. Based on these results, the blood cockle microbial
communities were highly dynamic and were greatly predominant by Vibrio spp., Klebsiella spp. and Bacillus spp. Other
microbial genera found were E. coli, Aliivibrio spp., Pseudomonas spp., Staphylococcus spp., Pseudoalteromonas spp., and
Micrococcus spp. existing in a minor abundance. These findings demonstrate the microbial diversity and the major abundant
species in blood cockles. Hopefully, this study provides a good understanding of blood cockle microbial communities.

Keywords: Blood cockle, Environment, Coastal area, 16S rRNA genes, Sequencing.

Contamination with certain microbes such as Vibrio
1. Introduction vulnificus, E. coli and Vibrio parahaemolyticus may cause
blood cockle illnesses as reported by other studies (Sarkar
et al., 1987; Khan Chowdhury et al., 2009; Woodring et
al.,, 2012; Mala et al., 2014). Human infections with V.
parahaemolyticus are usually linked to improper food
handling or raw seafood consumption (Johnson et al.,
1984; Robert-Pillot et al., 2014). Moreover, V. para-
haemolyticus is an important causative agent of
gastroenteritis in humans. In addition, elements of weather
and climate (Khan Chowdhury et al., 2009), pollution
(DePaola et al., 1990), faecal pollution, storage, handling
and management practices (Khan Chowdhury et al., 2009)
can also determine the variability of incidence and
distribution of food poisoning/illnesses associated with the
blood cockles in spite of the fact that most strains of
seafood and environmental isolates are likely to be virulent
(Khan Chowdhury et al., 2009; Norhana et al., 2016).
Nowadays, major blood cockle farms are located near
agricultural lands, or close to residential and industrial
areas. Previous studies have found out that blood cockle
microbial communities are highly dynamic and sensitive to
environmental factors and management practices (Khan
Chowdhury et al., 2009; Sutthirak and Boonprasop, 2011,

Microbial communities in marine and estuarine
environments are diverse and dynamic. Some microbes
can be easily found in marine and estuarine environments
including Vibrio spp., Pseudomonas spp., Klebsiella spp.,
Bacillus spp., Micrococcus spp., Photobacterium spp., and
Aliivibrio spp. (Khan Chowdhury et al., 2009; Woodring
et al., 2012; Mala et al., 2014; Zarkasi et al., 2017a;
Zarkasi et al., 2017b; Zarkasi and Nazari, 2018; Lau et al.,
2019). Allochthonous is the most common microbial
species associated with blood cockles, since blood cockles
consume the surrounding water and are directly exposed to
the marine environments, where those microorganisms are
present (Khan Chowdhury et al., 2009; Sutthirak and
Boonprasop, 2011; Woodring et al., 2012; Ghaderpour et
al., 2014; Zarkasi et al., 2017a). Therefore, the presence of
pathogenic microorganisms in blood cockles has become a
major concern because they may put the consumer’s health
at risk and jeopardize farmers and fishermen’s sources of
income. Such pathogenic microorganisms in blood cockles
can also serve as an indicator for faecal pollutions for the
respective locations.
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Woodring et al., 2012). Therefore, studying and
understanding blood cockle microbiota and their
influences can potentially lead to the protection of the
environment, as well as the improvement of storage,
transportation, and management practices of blood cockle
products which may eventually contribute to blood cockle
farming and help boost industrial sustainability. The aim
of this study is to identify the microbial communities
associated with blood cockles (Anadara granosa) and to
study the potential factors that may influence these
microbial communities. The primary questions which the
current study attempts to answer are: what are the most
abundant microbes associated with blood cockles
(Anadara granosa), and whether the sampling location and
the surrounding environments affect blood cockles’
microbial communities or not?

2. Materials and Methods

2.1. Sample Collection

Blood cockle samples were collected from blood
cockle farms located at coastal area in Juru and Kerian,
Malaysia in August and October, 2017. Juru area is located
near to an industrial zone, and is already known for its big
pollution problem (Yap et al., 2008), while Kerian area is
located near an agriculture zone (paddy field) and a
residential area. The samples collected from Juru are
referred to as ‘JU’, while samples collected from Kerian
are referred to as ‘KR’. A total of twenty-four samples
(twelve samples per sampling location) were randomly
collected. They were, then, immediately transported in a
chilling ice box to the laboratory and were processed
within three hours.

2.2. Microbial Enumeration and Cultivation

Based on the sampling location, the blood cockle
samples were divided into two different groups (JU and
KR). The blood cockle samples were then examined
thoroughly, and their colour, smell, and gross appearance
were all recorded. The samples were then cleaned with a
brush under running tap water to remove any sand, debris
or mud on their shells. After that, the raw blood cockles
were aseptically shucked, and the intact bodies and liquor
were placed and pooled into a sterilized filter blender bag.
The bag was massaged through by hand for one minute to
separate the excess shell from the liquor and intact bodies.
In a process to remove the remaining shells, the samples
were then transferred into a new full filter blender bag, to
which 450 ml of 3 % sea salt peptone water was added.
The samples were allowed to homogenize for two minutes
(Zarkasi and Nazari, 2018). Samples of 5 ml were taken
and processed for microbial enumeration and DNA
extraction respectively. Then, serial dilutions were
performed and spread onto three different types of agar
media, namely Marine Agar (MA), Brain-Heart Infusion
(BHI) Agar with 3 % sea salt and thiosulfate-citrate-bile
salts-sucrose (TCBS) agar (Zarkasi and Nazari, 2018).
After that, the plates were incubated at 25°C for 24-72
hours according to aerobic and anaerobic atmospheres
(AnaeroGen kit by Oxoid). All plates were examined by
the standard plate count method after 24-72 hours of
incubation. One loop of the suspected growing colony was
taken and streaked onto a Nutrient Agar (NA) media to get

a pure colony for characterization and identification. In
total, thirty-one colonies were chosen for identification.

2.3. DNA Extraction and 16S rRNA Gene Analysis for
Pure Colonies

Using Eppendorf tubes containing sterile distilled
water, a single colony from a pure culture was transferred
into the tube and heated to 70°C for ten minutes, and was
then centrifuged (4000 x g, 1 min). PCR was then
performed using 2 uL of the heated extract with final
concentrations of the PCR reaction mix including 1 uL(20
pmol) of each of primers 341F (5 CTA CGG GAG GCA
GCA G) and 907R primer (5" AAA CTC AAA GGA ATT
GAC) (GeneWorks, Awustralia), 1 pL of bovine serum
albumin, 12.5 pL of ImmoMix (Bioline, UK), and 7.5 puL
of sterile distilled water to a final volume of 25 pL.
Thermocycling was performed using a C1000 Thermal
Cycle (Bio-Rad, California, US) at 95°C for ten minutes,
94°C for one minute, 55°C for one minute, 72°C for one
minute; repeated for twenty-three cycles,72°C for ten
minutes, and soaked at 15°C (Zarkasi et al., 2014; Zarkasi
and Nazari, 2018). The purified amplicons were then
sequenced using an ABI 3730 automated sequencer using
the Big Dye direct cycle sequencing kit. A comparison of
individual rRNA gene sequences to those published in the
BLAST database (http://blast.ncbi.nlm.nih.gov/) was done
to determine the microbial genera (Neuman et al., 2016).

2.4. Direct Total DNA Extraction

The total microbial DNA was extracted directly from
the twenty-four blood cockle samples using the QlAamp
DNA Mini Kit (QIAGEN Sciences, Germantown, MD,
US) following the manufacturer’s instructions. The direct
DNA extraction was performed soon after sampling or on
samples that were maintained frozen at temperature -80°C.

2.5. 16S rRNA gene Sequencing Using Illumina MiSeq
Platform

The sequencing of the 16S rRNA gene amplicon was
applied to the twenty-four samples collected from blood
cockle farms, to examine the microbial communities and
diversity present in each of the samples. Sequencing was
carried out using the lllumina MiSeq platform (Zarkasi et
al., 2018). Pair-ended PCR amplification of the 16S rRNA
gene V3-V4 region was carried out using 341F and 907R
primers. The FASTQ files generated were merged using
PEAR (Zhang et al., 2012), and these were then trimmed
to remove the primer, barcode, and adapter regions. The
seed sequence for each cluster was then sorted by length
and clustered with a 4 % divergence cut-off to create
centroid clusters. The clusters containing only <2
sequences or <100 bp in length were then removed. The
seed sequences were again clustered at a 4 % divergence
level using USearch to confirm whether any additional
clusters appeared. Consensus sequences from these
clusters were then accurately obtained using UPARSE
(Edgar, 2013). Each consensus sequence and its clustered
centroid of reads was then analyzed to remove chimeras
utilizing UCHIME in the de novo mode (Edgar et al.,
2011). After chimera removal, each consensus sequence
and its centroid cluster were denoised in UCHIME in
which the base position quality scores of >30 acted as the
denoising criterion. Sequence de-replication and OTU
demarcation was further performed in USEARCH and
UPARSE to yield OTUs that were aligned using MUSCLE
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(Edgar, 2004) and FastTree (Price et al., 2010) which
infers approximate maximum likelihood phylogenetic
trees. OTUs were then classified using the RDP Classifier
(Wang et al., 2007) against the curated GreenGenes 16S
rRNA gene database (DeSantis et al., 2006; Hussin et al.,
2018).

2.6. Statistical Analysis

PRIMER6 and PERMANOVA+ (Primer-E, Ivybridge,
UK) respectively were used to conduct analysis of
variance (ANOVA) and Multidimensional scaling (MDS)
to assess the influence of different factors on community
compositions. The ANOVA-derived significance values
were considered significant when P < 0.01, while 0.01 <P
< 0.05 were considered marginally significant (Zarkasi et
al., 2016).

3. Results

3.1. Culturable Microbial Population Structure

The water surface (5 m) temperature recorded during
sampling ranged between 27 and 29°C. The results from
culturable plates show that the average viable counts of JU
and KR collected from MA, BHI and TCBS were varied.
For JU, the average viable counts were 7.17 log cfu/g on
MA, 7.13 log cfu/g on BHI and 7.56 log cfu/g on TCBS,
while the KR samples average viable counts were 4.66 log
cfu/g on MA, 4.76 log cfu/g on BHI and 4.53 log cfu/g on
TCBS (Figure 1). However, the following month, the
average viable counts were almost the same compared
with the previous month. The average viable counts for JU
were 7.20 log cfu/g on MA, 7.19 log cfu/g on BHI and
7.50 log cfu/g on TCBS, while for KR they were 4.69 log
cfu/g on MA, 4.78 log cfu/g on BHI and 4.49 log cfu/g on
TCBS (Figure 1).
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Figure 1. Total viable counts (TVC) populations derived from the
colony numbers appearing on marine agar, BHI agar and TCBS
agar, for bacterial cultured from blood cockle (Anadara granosa)
according to the location of sampling. The bars equal to the
Standard Error (SE).

3.2. Microbial Communities of Blood Cockles are
Dominated by Members of the Family Vibrionaceae and
Enterobacteriaceae

The major dominant microbes described from this
study based on 16S rRNA Illumina gene analysis were
bacterial groups belonging to the family of Vibrionaceae
(Vibrio, Aliivibrio and Photobacterium) making up >36 %
of the total numbers. These were followed by
Enterobacteriaceae  (Escherichia, Klebsiella  and
Citrobacter) making up >32 % of the total numbers, and
also Bacillaceae (Bacillus and Geobacillus), which
constituted >19 % of the total numbers (Figure 2).
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Figure 2. Relative abundances (in % of total numbers) of the most
abundant microorganisms at family level associated with blood
cockle.

The results show consistency among the JU and KR
samples indicating its population dynamics. Other microbe
families such as Staphylococcaceae, Pseudomonadaceae,
Aeromonadaceae, Alteromonadaceae, Enterococcaceae,
Mycoplasmataceae, Sphingomonadaceae, Rhodobactera-
ceae, Lactobacillaceae, Comamonadaceae, Pseudoaltero-
monadaceae, and Micrococcaceae were also identified
making up >13 % of the total numbers (Figure 2). Down to
the genera level, the most abundant microbial genera were
Vibrio spp., Klebsiella spp., and Bacillus spp. making up
~28 %, ~20 % and ~16 % of the total number respectively
(Figure 3). Besides, E. coli (~15 % of the total number),
Staphylococcus spp. (~4 % of the total number),
Micrococcus spp. (=3 % of the total number),
Pseudomonas spp. (~3 % of the total number), and
Pseudoalteromonas spp. (~2 % of the total number) were
also significantly present as visualised by the heat map
(Figure 3). Other microbial genera such as Sphingomonas,
Paracoccus, Enterococcus, Lactobacillus, Chryseobac-
terium, Flavobacterium, Citrobacter, Enterobacter and
Streptococcus, Clostridium, Geobacillus, and Aeromonas
were also identified making up >7 % of the total numbers
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(Figure 3). An interesting observation was the significant
number of coliform bacterial reads (~15 % of reads on
average (Figure 3). These reads were dominated by the
Escherichia coli, the most popular coliform bacteria.
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Figure 3. Heat map and hierarchical clustering plot of the blood
cockle bacterial communities identified via 16S rRNA Illumina

gene analysis.
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3.3. Microbial Diversity

The distribution and diversity of microbial community
structure associated with blood cockles in the different
locations were slightly different, and there was a small
clear separation as seen through the MDS plots based on
16S rRNA Illumina gene data (Figure 4). This is supported
by the analysis of variance (ANOVA) results which
indicated that the sampling locations were slightly
different (0.01 < P < 0.05). However, as for the sampling
time, there was no significant difference (P > 0.05).
Further analysis using pairwise tests showed that the
populations varied and were marginally significant (0.01 <
P < 0.05). Marginal separation was observed between the
JU and KR (P = 0.04) (Figure 4).
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Figure 4. MDS plots showing blood cockle microbial
communities.

4. Discussion

The traditional morphology, culture-dependent
identification, and biochemical criteria had limitations in
terms of comparisons between the isolates and non-
culturable microbes because some of the microbial species

are not cultivable (Hovda et al., 2007). Therefore, the use
of a molecular approach such as the next generation
sequencing especially for the microbial identification in
fish and marine animals has become more important
nowadays because the advancement of identification and
morphology technology as well as its capability to detect
uncultivable bacteria and other bacteria require special
growth conditions (Tarnecki et al., 2017).

The numbers of microbial genera groups present in the
blood cockles (Anadara granosa) that were collected from
blood cockle farms, located at coastal area in northern
Malaysia, were investigated and analysed in this study.
This study maintains that the microbial communities in the
blood cockles are dynamic as explained earlier in response
to some  environmental factors, product handling,
transportation, storage, and management practices (Khan
Chowdhury et al., 2009; Sutthirak and Boonprasop, 2011;
Woodring et al., 2012; Zarkasi and Nazari, 2018). This
study shows that blood cockle bacteria were
allochthonous, in which the dynamic influence of
microbial communities was due to external factors
(Neuman et al., 2016; Zarkasi et al., 2016) such as
temperature, season, human or animal activity,
geographical location, and pollution. Both results from
cultivation and 16S rRNA Illumina gene sequencing
produce almost similar results. However, 16S rRNA
Illumina gene sequencing data provide more details of
microbial communities since 16S rRNA Illumina gene
sequencing can identify non-cultivation microbes. This is
the benefit of the application of 16S rRNA Illumina gene
sequencing techniques in the study of microbial ecology to
get a deeper understanding of microbial communities
(Zarkasi et al., 2018).

The environmental factors and management practices
in blood cockle farms, transportation, handling and storage
may influence the microbial communities and its
population dynamics. This indication is supported by the
high numbers of Vibrio spp., Klebsiella spp. and Bacillus
spp. (Figure 3). The significant difference between
microbial communities from different farms indicates that
environmental factors do affect the microbial communities
associated (Mohamad Suhaimi et al., 2019) with blood
cockles. The JU farm was located near an industrial estate,
while the KR farm was located near an agricultural
(paddy) and residential area. That explains why the
microbial communities in the two farms were distinct,
since the JU farm location was reported by previous
studies to be polluted by the industrial activities (Yap et
al., 2008). Leavitt, (2009) explains how microbial
contamination in the coastal area could have been caused
by environmental factors such as pollution, or being
located close to a residential, industrial, or farming area
(Heath et al., 1995). According to some researchers, these
bacteria were easily found in blood cockles (Areerat,
2000).

The presence of E. coli, Vibrio spp., and
Staphylococcus spp. may have been caused by
environmental factors in blood cockle farms since the
farms are located at coastal estuaries. Moreover, the
coastal areas in northern Malaysia are known to be
exposed to pollution coming from the industrial zone,
residential areas, or agricultural farms (paddy field) nearby
(Yap et al., 2008; Khan Chowdhury et al., 2009; Sutthirak
and Boonprasop, 2011; Woodring et al., 2012; Ghaderpour
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et al., 2014; Shahunthala, 2015). Those bacterial genera
detected by this study were also found in other marine
organism (Hovda et al., 2007; Zarkasi et al., 2016) , and
these bacteria are well-known to cause food spoilage and
food-borne illnesses to the consumers. This study
recommends that any research conducted on pollution
must also discuss microbial communities present at the
targeted locations in addition to analyzing the effect of
chemical compounds. Frequent incidences were reported
across the globe and raised concerns regarding blood
cockle consumption (Urbanczyk et al., 2007).

The bacterial genera of Vibrio spp., and Escherichia
coli in aquaculture are important because they are
considered as an indicator for faecal pollution and can
cause food-borne illnesses to blood cockle consumers (Eng
et al., 1989; Austin, 2006; Austin and Zhang, 2006;
Norhana et al., 2016). However, disease incidence depends
on the number of bacteria present and whether it possesses
specific virulence determinants (Cao et al., 2009). The
interesting part in this study is the presence of
Pseudoalteromonas spp. (Zarkasi and Nazari 2018)
because this bacterium is known to be found in spoiled
blood cockles. This provides an answer to the question
why some blood cockle products have a shorter lifespan,
which is attributed to the presence of these bacteria inside
the blood cockles (Norhana et al., 2016). The dynamism in
the blood cockle microbial community structure is more
interesting due to the significant level of coliform bacteria
presence, despite the presence of high levels of
Vibrionaceae. Coliform bacteria predominant in the
samples as in the JU farm, show the substantial variation
between individual blood cockles and potentially reflect
stochastic exposure patterns between individuals, and
environmental influences.

This study shows distinct results from different farms,
and the morphological and 16S rRNA Illumina analysis
results provide almost identical results, which gives a
conclusive evidence of the microbial community dynamics
in the blood cockles by this study. The dominant bacteria
identified can be considered typical to marine organisms
including blood cockles (Mala et al., 2014; Zarkasi and
Nazari, 2018). Based on the results (Figure 4), the
microbial community from blood cockles reflects and is
influenced by the surrounding environments and the
location of the sampling site (Hatje et al., 2014). The
sampling location in the JU area was close to an industrial
zone, while the KR farm was located close to an
agricultural and residential area. Moreover, according to
Llewellyn et al., (2016) and Sullam et al., (2012), the
microbial communities in marine animals such as fish and
blood cockles are influenced and shaped by the
surrounding environments and geographical locations.
Furthermore, the blood cockles collected from blood
cockle farms at coastal/estuaries in northern Malaysia are
possibly polluted by the surrounding environment
(Ghaderpour et al., 2014; Khodami et al., 2017); according
to this study, the microbial diversity in blood cockles is
influenced by location and environmental factors.
Similarly, previous also maintained that the surrounding
environment can influence the microbial diversity of blood
cockles, oyster and fish through many factors such as
seawater temperature, geographical location, seasonal
period, pollution, and farming techniques (Zarkasi et al.,
2014). Identifying this bacterium as part of the blood

cockles can be of interest to determine contamination
routes and study possible pollution from the surrounding
environments.

5. Conclusion

This study concludes that Vibrio spp., Klebsiella spp.,
and Bacillus spp. are the most predominant bacterial
genera associated with blood cockles (Anadara granosa),
while E. coli, Pseudomonas spp., Aliivibrio spp.,
Staphylococcus  spp., Pseudoalteromonas spp., and
Micrococcus spp. are also commonly abundant. The
findings of this study confirm that these bacteria are
typically isolated from blood cockles and other marine
animals with highly dynamic microbial communities (Yap
et al., 2008; Khan Chowdhury et al., 2009; Woodring et
al., 2012; Ghaderpour et al., 2014) and their presence raise
real concerns. The results obtained could be used to
improve choices regarding blood cockle farming locations,
product storage and handling procedures by retailers and
distributors for the sake of maintaining blood cockles’
quality before reaching consumers and also improving
seafood safety. This study could also be useful for
understanding how environmental conditions can affect
blood cockle farms. Further studies of this nature could
reveal important links between blood cockle farming,
environmental factors, and husbandry strategies.
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Abstract

Sub-Saharan Africa and the Caribbean countries bear a disproportionate burden of the HIV pandemic. This suggests a
genetic predisposition arising from a common ancestry. A 40 % HIV risk-reduction associated with Rh2 blood group was
reported in a previous study by the same authors. The current study seeks to elucidate potential mechanisms for this risk
reduction. Lymphocyte sub-populations and viral load measurements were achieved by routine diagnostic laboratory
methods in 102 untreated HIV-1 infected patients. The results were compared across the categories of RH2 blood group.
Carriage of the Rh2 antigen was associated with a higher proportion of T-cells (82+8% versus 75£10%, P=0.001), especially
single-positive (CD8") cytotoxic T-cells (64+14 versus 54+13%, P=0.004). High absolute CD8 counts were more prevalent
among the Rh2-positive than the Rh2-negative subjects (90 % versus 65 %, p=0.023). Among the Rh2-positive subjects, the
increase in CD8 count paralleled the viral load in comparison to the Rh2-negatives (r>=0.630, P<0.0001 versus r=0.148,
P<0.001, respectively). The results suggest that Rh2 enhances the CD8 counts in an HIV infection, and its cells are known to

play a vital role in immunity against HIV. This probably explains the protective role observed against HIV-1 infection.

Keywords: Rh2; HIV-prevalence, CD8 count, CD4 count, Viral load; African.

1. Introduction

HIV prevalence in Botswana has been ranked among
the highest in the world (Weiser et al., 2006). Many
studies have revealed risk factors that have contributed to
the spread of the virus, some of which include poverty,
multiple sexual partners, alcohol and drug abuse, as well
as the improper use of protective devices (Keetile, 2014).
In some studies, the risk of infection in women was partly
attributed to cultural norms that subject women to sexual
abuse or assign them to a lower economic status (Shannon
etal., 2012).

The high prevalence of HIV in Africa as well as those
communities comprised of people of African descent, such
as the Caribbean, strongly suggests a common genetic link.
However, few such links have been alluded to. In at least
two studies, the Duffy antigen receptor for chemokines
was reported to promote HIV infection (He et al., 2008;
Lachgar et al.,, 1998) among individuals of African
extraction. However, these reports were strongly refuted
by other investigators (Winkler et al., 2009). In yet
another study, the over-expression of the P¥ blood group
was reported to protect against HIV infection (Lund et al.,
2009). However, this antigen is rare among
Africans(Cooling, 2014). While it is generally accepted
that host genetic factors play a role in immunity against the
virus (Chatterjee, 2010), no specific hereditary factors
have been advanced to explain the pandemic in Africa.

Although the function of many blood groups remains
unknown, some reports have demonstrated that

“ Corresponding author. e-mail: motswaledims@ub.ac.bw.

erythrocytes (red-blood cells) bind HIV, and such HIV
becomes more efficiently transferred to CD4+(Beck et al.,
2009; Beck et al., 2013; Garcia et al., 2012) cells.
Erythrocyte antigens are therefore logical targets for
erythrocyte-virus interactions. In a previous work by the
authors of this study, it was observed that a 40 % risk
reduction for HIV-1 infection in individuals of the blood
group C (Rh2), while blood groups P; and Lu® were
associated with double and triple risks, respectively
(Motswaledi et al., 2016). Of an epidemiological
importance was the observation that this protective blood
group was very rare among Africans, while the risk-
associated blood groups were much more common, which
raises the question of whether this antigenic profile could
have contributed to the peculiar susceptibility of this
population to infection with HIV-1.

Blood group C is a component of the Rh blood group
system. Antigens in this system are inherited as a block of
genes in close proximity to each other on chromosome 1.
This ensures that the genes are always inherited together.
The RHD gene codes for the D antigen, while the RHCE
gene carries a polymorphism that leads to the production
of a range of RH phenotypes that include CE, Ce, cE or ce
(Ripoche et al., 2004). The Rh gene products are organized
on the erythrocyte membrane as a complex of proteins that
include the Rh-associated glycoproteins (RhAG), LW,
CD77, Duffy and CD47, which serve as ammonia
transporters (Anstee and Tanner, 1993; Pourazar, 2007,
Ripoche et al., 2004).
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The current study performed a viral load testing, CD4
and CD8 counts and compared the results among patients
expressing or negative for Rh2. From these results and the
review of some available literature, the current study
sought to find out if the observed risk reduction for HIV
infection could be corroborated by clinical laboratory data.

2. Materials and Methods

One hundred and two (102) HIV-1-infected (39 males
and 63 females) and treatment-naive individuals have been
enrolled in this study. Since, no drug tests were done to
verify their treatment-naive status, all subjects with
undetectable viral loads were excluded on the presumption
that they could have been exposed to treatment.

Anonymized EDTA-anticoagulated samples from a
central HIV testing laboratory in Gaborone have been used
in this study. The ethical clearance was obtained from the
University of Botswana’s Office of Research and
Development, Human Research and Development
Committee of the Ministry of Health and Wellness,
Gaborone District Health Management Team and the
Research Ethics Committee of the Faculty of Health and
Wellness Sciences at Cape Peninsula University of
Technology. Individual consent was not needed since the
study used anonymized residual samples (1SO, 2007).

The viral load was measured using the Cobas®
Tagman 48 analyser (Pleasanton, CA., USA). CD3, CD4,
CD8 and CD45 counts were obtained using the
FacsCalibur ® flow cytometer (Becton-Dickinson, San
Jose, CA, USA) and the CD3/CD8/CD45/CD4 Trucount
panel. The samples were further phenotyped for the C
antigen using specific anti-C and anti-c antibodies
(Fortress Diagnostics, Antrim, UK). The reactivity of the
antisera was confirmed with C/c-positive and negative
cells selected from an antibody identification panel, Bio-
Rad DiaPanel®, Lot 45241.88.1, (Cressier FR,
Switzerland).

The results of the laboratory tests were interpreted in
line with the reference ranges previously determined for
the Botswana population (Mine et al.,2011). CD4 and CD8
counts from that study of normal individuals were also
used to compare counts in the current study in a one-
sample t-test.

The results were analyzed using the IBM SPSS version
24 statistical software. The independent t-test was used to
compare means. Correlations were used to study the effect
of blood RH2 on the relationship between CD8%, log viral
load, CD8% and CD4%. Results were considered
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significant only if P<0.05.

3. Results

3.1. Results from Experimental Data

The mean viral load did not differ among individuals
positive (n=21) or negative (n=81) for C (P=0.398).
Representative dot plots for lymphocyte populations are
shown in Figure 1.

In the untreated HIV-1-infected subjects, the CD4
count was significantly lower than that in the general
uninfected population. On the contrary, the absolute CD8
count was significantly higher in the infected than in the
uninfected subjects. The T-test results are shown in Table
1.

Individuals expressing the Rh2 antigen, 19/21 (90 %))
had a high absolute CD8 count compared to 52/80 (65 %)
individuals who were Rh2-negative. A high CD8 count
was therefore more associated with C-positive individuals
than with the C-negative (P=0.023) population. The mean
CD8 count between the two categories of Rh2, though
higher in the C-positive group, did not reach statistical
significance. However, the proportion of T-lymphocytes
(CD3+) and cytotoxic (CD8+) T-cells was higher in the C-
positive population as shown in Table 2.

Among C-positive subjects, the increase in CD8 counts
paralleled the viral load more strongly than in the C-
negatives. These results are shown in Figure 2.

Table 1. Comparison of CD4 and CD8 in untreated, HIV-
infected individuals and normal controls.

Lymphocyte Mean in HIV- Mean in normal P-value
population  infected Subjects population

(n=101) (n=261)
CD4 307+208 859* <0.0001
CD8 927+492 540* <0.0001

*One sample (T-test) mean used from a previous study (Mine et
al., 2011).

Table 2. Comparison of mean Lymphocyte sub-populations in
untreated HIV-infected patients

Lymphocyte C-Positive C-Negative P-
Sub-population  (Meanz+sd) (Meanzsd) value
n=21 n =280

CD3+ (%) 82+8 75.0£10 0.001

CD8+ (%) 64+14 54+13 0.004
CD8 Absolute 1058+444 8934500 0.171
count (/uL)

CD4+: 41.08%
CD8+: 21.19%

04-AFC

-~ -

CO4+:- 12.91% Lo
S CDE8+: 58.46% Hi

T T

Figure 1. Lymphocytes were gated on the SSC-H vs CD45 and SSC-H vs CD3. A=normal control showing adequate CD4+ cells relative

to CD8. The reverse is observed in the patient (B).
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Figure 2. Relationship between viral load and CD8% in C-
positive subjects shows strong positive correlation (r2=0.630,
p<0.0001 versus r2=0.148, P<0.001).

3.2. Results from Country HIV Prevalence Data

To test this observation in real life, a literature search
was undertaken to investigate HIV prevalence in countries
where the frequencies of the Rh2 are known. Data was
obtained for twenty countries or communities as shown in
Table 3. Countries or communities with an Rh2 frequency
less than 30 % consistently presented a high HIV
prevalence (Pearson ¥°=20.0, P<0.0001).

Table 3. Comparison of Rh2 frequencies with HIV prevalence
across geographical regions

Country/Community Rh2 Frequency HIV Prevalence

Botswana 29.70 21.90
South Africa (Blacks) 18.80 18.90
Nigeria 28.2 2.9*
Cote d'lvoire 21.97 2.70
Caribbean 24.50 1.60**
Uganda 3.62 6.5%**
Thailand 51.50 1.10
Ethiopia (Blacks) 41.18 1.10
South Africa (Asians) 99.53 1.00
Mali 58.8 1.00
Brazil 63 0.6
Mauritania 42.69 0.5
Argentina 62 0.4
Laos 60.30 0.30
Southern India 88.00 0.30
India 87.00 0.30
Northern India 84.76 0.26
Sudan 58.40 0.20
Netherlands 68.00 0.20
Iran 75.90 0.10
China 78.22 0.04

*5.8% in 2001. Some states at some point exceeded 8%. Nigeria
carries the world’s heaviest HIV burden(Gwaram, 2013).
**Prevalence rates range from 1-5% for different islands,
depending on the reporting dates(Coggins, 2006; UNAIDS,
2016a). RH2 information for Curacao used here.

***Prevalence is down from 24.8% in 1994 (Kilian et al., 1999).

4. Discussion

4.1. Rh2, CD8 Parameters and Protection against HIV
Infection

This study seeks to establish the mechanism of
protection provided by carriage of Rh2 observed in a
previous study. In this study, the expression of this antigen
was associated with a higher proportion of cytotoxic
(CD8+) T-cells (CTL), which corroborates protection
against HIV. In C-positive subjects, the CD8 absolute
count varied in a direct proportion to the viral load,
suggesting a coordinated response to viremia. This
correlation was much weaker in the C-negative group.
Moreover, the proportion of individuals with high CD8
counts was greater in the C-positive group. All these
observations suggest a role for this antigen in cytotoxic T-
cell kinetics and function.

CTLs are important in the control of viremia in acute
HIV-1 infections (Goonetilleke et al., 2009). They also
correlate negatively with infection rates (Oxenius et al.,
2004) and with good prognosis (Rinaldo et al., 1995).
Moreover, they have been linked to the slower progression
of disease in non-progressors by producing HIV-1-specific
CTL responses (Alimonti et al., 2006; Betts et al., 2001)
and increasing perforin production in the HIV-infected
non-progressors (Migueles et al., 2002).

The enhancement of CTLs points to a mechanism
involving major histocompatibility class | (MHC-I)
response, in which a cell-mediated rather than humoral
response is invoked, and this kind of response is critical
for viral infections such as HIV. This was an unexpected
finding for an erythrocyte antigen to be involved in an
immune reaction. However, it is noted that erythrocytes
and erythrocyte-bound platelets selectively bind infectious
HIV virions (Beck et al., 2013). Furthermore, platelets
have been shown to engage in direct MHC-I antigen
presentation to CTLs (Chapman et al., 2012), a
phenomenon that has also been documented in murine
megakaryocytes (Zufferey et al., 2015). This study
maintains that the Rh antigens co-localize on the
membrane with CD47 (Ripoche et al., 2004), an activator
of CTLs (Seiffert et al., 2001). Furthermore, both CD47
and Rh2 have been implicated as prognostic indicators in
adenocarcinoma of the lungs (Schulze et al., 2018), noting
that cell-mediated immunity is also critical for immunity
against cancer cells.

CDA47 also interacts with its ligands on monocytes and
T-lymphocytes in signal-transducing events. In this regard,
it binds to signal regulatory protein-a (SIRPa) in a high-
affinity interaction that results in T-cell activation (Seiffert
et al., 2001). The binding of CD47 to SIRP(2 enhances
adhesion of T-cells to antigen-presenting cells, and
therefore enhances cell-mediated immunity (Piccio et al.,
2005). In activated T cells, such as those occurring
following the HIV infection, CD47 promotes Fas-mediated
apoptosis (Manna et al., 2005). All these events work to
eliminate HIV-infected CD4+cells, and therefore minimize
the chances for an infection to be established.

4.2. Evidence from Empirical HIV Prevalence Data

To further investigate its potential role in the
epidemiology of HIV worldwide, this study compared the
frequency of the Rh2 antigen across populations with
varying degrees of HIV prevalence. A thorough literature
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search vyielded Rh2 data from twenty countries.
Invariably, countries with low frequency of Rh2 were
consistently associated with the highest prevalence rates in
their regions. In Southern Africa, antigen frequency data
were available only for Botswana (Motswaledi et al.,
2016) and South Africa (Tax et al., 2002). Cote d’lvoire
and Nigeria (Gwaram, 2013) likewise had the lowest
antigen frequencies (Bogui et al., 2014) and the highest
HIV prevalence in West Africa (UNAIDS, 2016a). In
contrast, other African countries with higher antigen
frequencies had low HIV-prevalence rates comparable to
or slightly above those in other non-African countries,
such as Argentina (Cotorruelo et al., 2008), Brazil
(Guelsin et al., 2011), Thailand (Nathalang et al., 2001),
Laos ( Keokhamphoui et al., 2012), India (Makroo et al,
2013), Netherlands (Tax et al., 2002), Iran (Shokouhi
Shoormasti et al., 2011), and China (Ma et al., 2018),
where the Rh2 frequency is higher than 40 %. These
African countries include Mali (Ba, et al., 2015),
Mauritania (Hamed et al., 2013), Ethiopia (Tax et al.,
2002), Sudan (Elfadni et al., 2014), and among South
Africans of Asian origin (Tax et al., 2002).

Rh2 data for Caribbean Islands were not readily
available, except for Curacao. The Caribbean Islands
represent the second highest HIV-prevalence outside
Africa (UNAIDS, 2016b). Apparently, a significant
proportion of this population originates from Africa, and
the Rh2 antigenic profile performed in Curacao (Tax et al.,
2002) is similar to that of the African countries where high
HIV rates are found. This study proposes that the Rh2
antigen may be important for HIV immunology and
probably explains the genetic basis for the geographical
distribution of the pandemic.

5. Conclusion

The low frequency of the Rh2 antigen in Botswana and
other countries with similar frequencies may have
contributed to the rapid spread of HIV-1 among the
populations of these countries. Results also suggest an
immunological role of an Rh-system antigen, unreported
hitherto. However, the current study has been limited in
that it has not measured specific CD8 immune responses
such as the interferon gamma response to specific HIV-1
peptides in C-positive and negative individuals.
Furthermore, other co-variables that are known to affect
the risk of infection were not considered in this cross-
sectional study.
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Abstract

The prevalence of extended spectrum B-lactamases (ESBLSs), metalloB-lactamases (MBL), and plasmid-mediated resistance
is a severe threat to current lactam therapy leading to treatment failure. Therefore, in this research, an investigation has been
conducted to study the presence of ESBL and MBL genes in Acinetobacter spp. and their relationship to antimicrobial
resistance. Fifty Acinetobacter spp. isolates were collected from both pediatric and adult patients at Sungai Buloh Hospital,
Kuala Lumpur, Malaysia. The Double Disk Synergy Test (DDST) and the E-test have been used to detect ESBL and MBL
production. The plasmid was extracted using the Close and Rodriguez (1982) method with modification in addition to the
QIlAprep Spin Kit. Among the fifty Acinetobacter isolates, eleven (22%) were ESBL-positive, while none of the strains
produced MBLs. Fourteen isolates were positive for a plasmid with an occurrence rate (POR) of 28 %. These fourteen
isolates appeared to harbor one or more plasmids with a maximum of four plasmids. Four isolates had single plasmids, and
five carried four plasmids, while four and one isolates had two and one plasmids respectively. The sizes of the plasmid DNA
were found to range between 1.8 kb and 14 kb. This study emphasizes the problematic raising frequency of ESBL, MBL,
and plasmid-mediated resistance. This awareness highlights an urgent need to prevent and control such bacteria.

Keywords: Acinetobacter spp., ESBL; MBL, Malaysia, Plasmid profile.

1. Introduction

Acinetobacter spp. has appeared as a significant wide-
spread nosocomial pathogen implicated with a fatality.
They are aerobic, non-fermentative, and gram-negative
bacilli (Howard et al., 2012). Acinetobacter spp. causes
many diseases like pneumonia, septicemia, wound sepsis,
urinary tract infections, endocarditis, meningitis, and some
clinical diseases including blood stream infections (BSI)
(Zurawski et al., 2012). Over the last decades, multidrug-
resistant (MDR) clinical isolates of Acinetobacter spp.
have been reported as a consequence of the extensive use
of potent broad-spectrum antimicrobial agents in hospitals
throughout the world (Towner, 2009). Furthermore,
Acinetobacter spp. contaminates different types of
commercial food such as meat, fruits, vegetables and
various types of livestock. Acinetobacter spp. associated
with this contaminated food can multiply in the digestive
tract of humans through environmental routes of
transmission (Wong et al., 2017; Zhang et al., 2013). A.
baumannii is the most virulent of all the snecies based on
clinical data by statistical analysis and studies of animal
models (Chusri et al., 2014). The identification of ESBL
producing Acinetobacter spp. is essential due to its
multidrug resistance property (Bush, 2010). Possible risk
factors related to the development of colonization or

infection of hospitalized patients with Acinetobacter spp.
extended the length of hospital stay, the severity of the
disease, offensive procedures, and treatment (Ibrahimagic
et al., 2017). Studies showed that the environmental strains
of Acinetobacter spp. Possess antibiotic resistance
mechanisms (Al Atrouni et al., 2016). The emerging
antibiotic resistance is a serious global concern, resulting
in treatment failures and increasing healthcare costs. The
production of B-lactamase is the most common cause of
bacterial resistance to beta-lactam antibiotics. Metallo-[3-
lactamases is a set of enzymes that catalyze the hydrolysis
of carbapenems and a broad range of B-lactam drugs
(Palzkill, 2013). The antibiotic resistance by ESBLs and
MBLs gene production is increasing significantly in the
clinical isolates of Acinetobacter spp. around the world.
Studies have shown that bacteria producing ESBLs or
MBLs are associated with higher mortality and morbidity
(Delgado-Valverde et al., 2013; Oberoi et al., 2013).
Extended-spectrum  beta-lactamases (ESBLs) confer
resistance to various groups of antibiotics (penicillins,
cephalosporins, and aztreonam) (Agel et al., 2014). ESBLs
are mostly encoded by plasmid- encoding resistance genes
for a variety of antimicrobial agents (Cheaito and Matar,
2014). MBLs gene encoded by transposons transfers large
transferable plasmids among different bacterial species and
genera (Al-Marjani et al., 2013). Plasmids are extra-
chromosomal, circular, double-stranded DNA molecules,
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and play an essential role in bacterial multi-drug
resistance. Plasmid-mediated antibiotic resistance is
common in Acinetobacter spp. and plasmid profile
analysis examines the total bacterial plasmid content
(Nazmul MHM et al., 2016). In Asia, one of the three most
common causes of bacteremia and nosocomial pneumonia
is due to Acinetobacter spp. (Chung et al., 2011; Kuo et
al., 2012). There are approximately one million (range,
600,000 to 1,400,000) cases globally per year (Spellberg
and Rex, 2013). Therefore, the outcome of this study
might highly be effective for an early recognition of
infections, the choice of antibiotics, limiting clinical use of
antibiotics, the failure treatment of broad-spectrum p-
lactams, and for the control of the prevalence of antibiotic-
resistance mechanism, which is necessary to prevent the
spread of multi-drug resistance throughout the world.

2. Materials and Methods

For this study, fifty Acinetobacter spp. isolates were
obtained from the blood, skin, pus, respiratory secretions,
urine, and sputum of both pediatric as well as adult
patients of Sungai Buloh Hospital, Kuala Lumpur,
Malaysia. Furthermore, the presence of both ESBL and
MBL genes were confirmed by Double Disk Synergy Test
(DDST) and E-test. In DDST, discs of third-generation
cephalosporins and augmentin were kept 30mm separately
from center to center on inoculated Muller-Hinton Agar
(MHA). A perfect extension of the edge of the inhibition
zone of cephalosporin to the augmentin disc was
interpreted as positive for the ESBL production.

The phenotypic confirmatory test was evaluated for
ESBL-producing Acinetobacter spp. Briefly, a 0.5
MacFarland's suspension of each strain was spread on a
Muller — Hinton agar (MHA) plate. Ceftazidime (30ug)
and ceftazidime / clavulanic acid (30ug/ 10ug) discs were
placed aseptically on the agar plate. The distance was
15mm between the two discs (edge to edge), and the
culture was incubated at 37°C overnight. Based on The
Clinical and Laboratory Standards Institute (CLSI), ESBL
production was confirmed when the inhibition zone
increased to more than or equal to 5mm surrounding the
combined antimicrobial agent compared to the single
antimicrobial agent (CLSI, 2017). The increase in the zone
diameter is due to the inhibition of the B-lactamase by the
clavulanic acid (Thomson et al., 2018). The procedures for
Table 1. Antibiotype of isolated Acinetobacter spp.

the E-test were followed according to the manufacturer's
instructions.

Close and Rodriguez’s (1982) method was used with
modification to detect plasmids. The manufacturer's
instructions were followed to extract plasmid DNA using
extraction kit (QIlAprep spin kit, USA). The Supercoil
DNA marker was used to estimate the plasmid size. It was
used in the electrophoresis gel each time along with the
plasmids as a molecular weight (range, 2.0kb to 10.0kb)
marker, bought from Promega, USA.

3. Results

About fifty isolates of Acinetobacter spp. were
identified by conventional bacteriological tests. Ten
different types of commonly prescribed antibiotics have
been used in this study to evaluate and compare the
antibiotic resistance rate between the isolates.

All the clinical isolates (fifty) of Acinetobacter spp.
showed a high frequency of resistance to ampicillin,
meropenem, imipenem, and ceftazidime with a resistance
rate of 92 %, 82 %, 74 %, and 74 % respectively (Table 1).
Some of the isolates showed moderate resistance to the
antibiotics tazobactam-piperacillin, ciprofloxacin, pipera-
cillin, gentamicin, amikacin, and cefoperazone (68 %, 64
%, 54 %, 56 %, 56 %, and 64 % respectively).

ESBL-producing strains may play an essential role in
the early recognition of infection control according to age
and sex. Most of the ESBL-producing isolates were found
to be in the age group of 41-50, and >50 years, while none
of the ESBL-producing strainswere belong to the age
group 11-20 years (0.00%).

The frequency of ESBL-producing isolates from
different types of clinical samples is shown in Figure 1.
Aseptic precautions were taken during the isolation of
Acinetobacter spp. Among the clinical samples, urine (38
%) was the frequent source followed by blood (26 %), pus
(14 %), skin (10 %), respiratory secretions (6 %), and
sputum (6 %) respectively. The highest percentage of
ESBL production was detected in the urine (12 %)
followed by blood (6 %), sputum, and pus 2 %
respectively (Figure 1). Furthermore, strains from
respiratory secretions and skin did not produce any ESBL.

SL  Total isolates (50) Antibiotyping

TPZ CAZ CFP CIP

1 Number of resistance 34 37 32 32
2 Percentage of resistance 68 74 64 64

ESBL (+) MBL (+)
AK MEM IPM PRL AMP CN
28 41 37 27 46 28 11 0
56 82 74 54 92 56 22 0

Tazobactam 10/ Piperacillin 75-TZP, Ceftazidime-CAZ, Cefoperazone-CFP, Ciprofloxacin-CIP, Amikacin-AK, Meropenem-MEM,

Imipenem-1PM, Piperacillin-PRL, Ampicillin-AMP, Gentamicin-CN.

Acinetobacter spp. was tested to detect the ESBL production and the occurrence rate of ESBL-producing strains. Among the fifty isolates of
Acinetobacter spp., 22 % were found to produce ESBL in the phenotypic test and the E-test. The percentage of ESBL-negative isolates (78
%) were observed in both the phenotypic analysis and the E-test are shown in table 2. None of the strains was found to produce MBLs.

Table 2. Detection of ESBL-producing strains using the phenotypic test and the E-test.

Total Number of
the organism

E-test for ESBL

Phenotypic test for ESBL

Organism
Acinetobacter spp. 50

Positive
11(22%)

Positive
11 (22%)

Negative
39(78%)

Negative
39(78%)
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Figure 1. Frequency of ESBL-producing isolates from different
types of samples.

ESBL-positive isolates were confirmed by the Double
Disk Synergy Test (DDST). The inhibition zone between
disks of AMC30 and CAZ30 were superimposed, and this
synergy (Figure 2) confirmed the presence of ESBL
production by the specific isolates. The occurrence rate of
ESBL-producing strains of Acinetobacter spp. is shown in
Figurel.

However, among the fifty isolates of Acinetobacter
spp., none of the isolates produced MBL.

The Close and Rodrigue method was performed for
plasmid profile analysis, and the commercial extraction kit
was used to detect plasmid DNA. The similarity of
Plasmid DNA was found in both described methods. In
Figure 3, the left lane was done by the Close and Rodrigue
method, and the right lane was done by the commercial
extraction kit (QIAprep spin kit) for a better observation.
The presence of both chromosomes and plasmids was
observed in Acinetobacter spp. under 0.7 % gel
electrophoresis (Figure3).

Out of the fifty Acinetobacter spp., fourteen isolates
were found to harbor plasmid. Few strains were found to
carry a maximum of four plasmids (Figure 4). The size of
the plasmids varied from 1.8 to 14kb (1.8, 2.2, 3.4, 4.6, 5,
8 and 14 kb) under 0.7 % gel electrophoresis. Plasmid
occurrence rate (POR) was 28 % (fourteen isolates) among
the studied isolates, and thirty-six (72 %) strains did not
harbor any plasmid DNA (Table 3).

Table 3. Plasmid occurrence rate (POR) in Acinetobacter spp.
isolates.

No. of Plasmid DNA Isolates No. POR%
0 36 72

1 3 6

2 4 8

3 3 6

4 4 8

5 0 0

10>
S—b

5—»

Figure 3. Comparison of the two methods used in this study
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Figure 4. Agarose (0.7 %) gel electrophoresis of plasmid DNA

4. Discussion

The prospective sources of ESBL associated with an
infection, its spread, and colonization of humans have been
studied considerably over the past few years (Walther et
al., 2018). The highest occurrence of antibiotic resistance
in this study was exhibited by the carbapenems and
cephalosporins groups of antibiotics (Table 1). This is in
agreement with another recent study in Pakistan (Sohail et
al., 2016). The frequency of ESBL-producing isolates of
Acinetobacter spp. from different types of clinical sources
is shown in Figure 1. In this present study, urine showed
the highest number (37.58 %) as an ESBL producer
compared with other clinical sources of isolates; this
finding is an agreement with another recent study in 2017
(89 %) (Park and Kim, 2017). The DDST is one of the
most common and confirmative tests to detect ESBL
production based on the synergistic effects of clavulanate
and ceftazidime in the presence of clavulanic acid (Figure
2). Both DDST and E-test showed similar results regarding
the ESBL production (Table 2). The production of ESBL
confers resistance at the various levels to expanded-
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spectrum cephalosporins (cefotaxime and ceftazidime) and
aztreonam, but typically not to the cephamycins and
carbapenems (Shaikh et al., 2015). Recently, a substantial
increase in the occurrences of ESBL-related infections has
noted been throughout the globe.

This study showed that the ESBL-producing
Acinetobacter spp. were 11 out of 50 (22 %) isolates by
both phenotypic and E-test. The outcome of the current
research has a similarity with another study by Owlia et
al., (Owlia et al., 2012) where it was reported that 21 % of
Acinetobacter spp. produced ESBL. However recent
studies done in Bangladesh reported a lower rate (9.09 %),
five out of fifity-five Acinetobacter spp. isolates were
ESBL-positive (Paul et al., 2017) and 7.24 % of ESBL
production among Acinetobacter spp. Isolates (Dhillon and
Clark, 2012). Similarly, another study performed in Saudi
Arabia reported that 8.1 % of Acinetobacter strains
isolated from burns’ patients were ESBL-producers (Al-
Tawfig and Anani, 2009). A number of studies showed a
higher occurrence for ESBL production, 44 % out of 147
Acinetobacter spp. in 2010 (Hashemizadeh et al., 2010),
46 % in 2001 (Vahaboglu et al., 2001), 23 % by Soudeiha
et al., (Soudeiha et al., 2018), 21.74 % in 2018 (Hafiz et
al., 2018) and 54.6 % (Yong et al., 2003). In addition,
Pournajaf and his colleagues in 2018 showed 78 % of
isolates to produce ESBL using Double Disk Synergy
Test, and 83.5 % of the isolates to produce ESBL using E-
test (Pournajaf et al., 2018); these findings are closer to
those by a another study reporting 88 % (88/100) of ESBL
production (Goyal et al., 2018). There was a significant
association between ESBL production based on sex and
age in this present study. The highest frequency of ESBL
was reported in 18.18 % of the isolates in the age group of
21-40 years in male and 36.37 % in females. The
prevalence of ESBL production was significantly different
between males and femalesin all age groups and was
observed to be 27.27 % and 72.73 % respectively.

In the present study, after screening among all the
Acinetobacter spp.isolates, none of the isolates produced
the MBL gene, and this is an agreement with a recent
study in 2014 (Al-Agamy et al., 2014). But a number of
studies showed MBL productions, 39 % (42 out of 108)
isolates in 2012 (Owlia et al., 2012), 10 % in 2007 (Pino et
al., 2007), and fifty strains (96 %) were found to be MBL-
positive by the modified Hodge test in 2015 (Aksoy et al.,
2015). However, the presence of MBL in Acinetobacter
spp. was less common (Irfan et al., 2011; Shoja et al.,
2017).

In the nosocomial pathogens, the transfer of antibiotic
resistant genes causes complications in patients’ treatment
(Beige et al., 2015). In recent years, several protocols have
developed to simplify the isolation of plasmid DNA. Most
of these rapid procedures are invariably contaminated with
chromosomal DNA. The detection of plasmids depends on
the adequately used methods (Nazmul MHM et al., 2016).
For the plasmid profile analysis, the Close and Rodriguez
method (1982) with modification and the plasmid
extraction kit (QIAprep spin kit) were used to extract and
purify plasmid DNA from the bacterial isolates. The most
purified plasmids without contamination with genomic
DNA was detected by the plasmid DNA extraction kit
(QlAprep spin kit) compared to the Close and Rodriguez
method. Plasmid DNA extraction kit could even purify
small-sized plasmids. The reproducible recovery of all

plasmid DNA was seen by the plasmid DNA extraction kit
in Acinetobacter spp.

In the present study, the supercoil DNA marker
(molecular weight markers) was used to estimate the
plasmid size of Acinetobacter spp.in each gel. Plasmids
were detected from fourteen strains, and the overall sizes
of the plasmid DNA ranged from the lowest 1.8 kb to the
highest 14 kb, while another study (Sadeghifard et al.,
2011) observed the sizes of the plasmid DNA to range
from the lowest 1kb to the highest 21kb. A survey in KSA
showed that five A. baumannii isolates harboured plasmids
among nineteen isolates which were not less than 2.71kbp
in molecular weight (Selim and Hagag, 2013). The results
of the current study are also in agreement with another
recent study in Malaysia which showed that 40 % of the
isolates harbored plasmid DNA ranging from 1.8kb to 8kb
(Nazmul MHM et al., 2016). Cameranesi et al. reported
9kbp to slightly more than 23 kbp (Cameranesi et al.,
2018) plasmids, whereas a pK50a (79.6 kb) plasmid was
found by Wibberg et al., 2018. Besides, according to a
study in 2014, plasmids were found in eighty out of
eighty-eight isolates (90.9 %) with one being of a 7.30kbp
molecular weight (Ali et al., 2014). Some researchers have
reported a much lower rate of plasmid detection 42 % of
the tested strains (Koeleman et al., 2001), seventeen
isolates (34 %) carried plasmids with molecular sizes of >
20kbp (Eftekhar et al., 2018), and the isolates contained a
molecular weight of a plasmid ranging between 2 to >
25kb (Saranathan et al., 2014). Thirty-six isolates (72 %)
did not carry any plasmids in the current study which is in
agreement with other studies in 2016 (60 %) (Nazmul
MHM et al., 2016) and 2018 (11 %); the isolates did not
carry any plasmid (Salto et al., 2018).

These fourteen isolates appear to harbor one or more
plasmids with the maximum number of four plasmids.
Various plasmid profiles were determined where four
isolates owned single plasmids, and five strains carried
four plasmids, while four and one isolates had two and one
plasmids respectively. Plasmid values are essential for
antibiotic resistance studies as they can specify or identify
the plasmid-mediated resistance gene in addition to in
typing different bacterial strains. The total plasmid
occurrence rate (POR) was (28 %) when using the Close
and Rodriguez method with modification (1982) and the
QIlAprep spin kit. This finding is in agreement with
Saranathan and his colleagues who detected fifty isolates
(94-5 %) in 2014 (Saranathan et al., 2014), and plasmids
were found in 107 out of the 112 (95.5 %) strains
(Sadeghifard et al., 2011).

A number of studies around the world have shown the
involvement of plasmids in multidrug resistance (Botts et
al., 2017; Mathers et al., 2015; Porse et al., 2016; Weber
et al., 2015). Among the gram-negative bacteria, plasmids-
encoding genes are transferred to the variety of microbial
agents by transmission, and this can lead to serious public
health hazards. In addition, the B-lactam resistance genes
in the plasmid are supported by plasmid DNA analysis.
Some of these genes may characterize the chromosome-
based mechanisms of resistance. According to the present
study, the involvement of ESBL, MBL, and plasmid
association may play an essential role in resistance. The
differently sized plasmids found in the current
investigation might be involved in multidrug resistance.
Further studies are required to find out the association of
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these plasmids in multidrug resistance and [-lactamase-
producing strains. Moreover, specific infection control
practices and regular monitoring of antimicrobial
properties of microorganisms, need to prevent the spread
and outbreaks of ESBL and MBL-producing bacteria.

5. Conclusion

The incidence of infections due to ESBL and MBL
gene-producing bacteria is becoming more and more
common in hospitals and the community. Rapid
recognition and characterization of different types of
resistance might minimize the spread of bacterial
infections, and can help select the right choice of
medication. Among all the clinical isolates of
Acinetobacter spp., plasmids may have an additional
mechanism for resistance, but there is still a need for
further investigation to confirm these results. The current
study might be helpful in the treatment and prevention of
disease by seeking to improve the efficiency of antibiotics.
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Abstract

A fish sample related to Plectropomus pessuliferus was obtained from Mastoora on the Red Sea in Saudi Arabia, and was
identified morphologically by Polymerase Chain Reaction (PCR). The Plectropomus pessuliferus sample, locally known as
Najil, was 53.8 cm in length and 2110 gm in weight. The sequence alignment of the TMO-4C4 gene (466 bp in length)
obtained by PCR revealed a 84 % identity with eleven accessions in GenBank from five different Plectropomus species.
Analysis of the TMO-4C4 gene sequence alignment showed positional differences of sixty-nine nucleotides with base-pair
substitutions and forty-four transversions interchanges, thirteen transitions from A to G, and seven from T to C. Blast protein
alignment revealed a 66 % identity between the amino acids’ sequence of the TMO-4C4 gene of Plectropomus pessuliferus
and other five Plectropomus species. A nine-amino-acid domain only has appeared in the sample sequence of the current
study compared to other Plectropomus sequences which may be referred to as a unique sample with new traits. These results

should be focused and completed in order to have a good understanding of the genetic information for this fish species.

Keywords: Plectropomus pessuliferus, TMO-4C4 gene, base-pair substitutions, Mastoora, Red Sea, Saudi Arabia

1. Introduction

Plectropomus pessuliferus (Coral Reef Guide), locally
known as Najil, is one of important fish species of the Red
Sea which can be found in some countries such as Egypt,
Saudi Arabia, Jordan and Sudan; rare species can be found
in the Indo-Pacific regions (Ashworth et al. 2006).
Plectropomus pessuliferus fishes have been found to live
in coral reef and seaward reefs at a depth range of 25 - 147
m. The Plectropomus pessuliferus fish can reach up to a
maximum length of 120 cm in the Red Sea and to a
minimum length of 63 cm in the Indo-Pacific (Heemstra et
al. 1993; Morris et al. 2000). These large fishes have very
variable colors ranging from white or beige to red and the
body is covered with blue dots (Durville et al. 2003;
Randall et al. 2003; Sattar et al. 2005). This species is
rather similar to and is often misidentified as Plectropomus
maculatus.

The intense fishing pressure on coral-reef fish
resources throughout the Red Sea and Indo-Pacific region
especially Plectropomus pessuliferus (Sluka 2002) creates
an urgent need for protection actions in some countries. In
the Ras Mohammed National Park (Egypt) Plectropomus
pessuliferus is protected, as well as in Dungonab and
Sanganeb Marine Parks (Sudan). Also, the Ministry of
Agriculture of Saudi Arabia has taken measures to protect
Plectropomus pessuliferus and Plectropomus areolatus
along the coast, such as prohibiting fishing during the

“ Corresponding author e-mail: oelsayed111@gmail.com.

seasons in 1994, 1995, 1999, 2001. Therefore, the landed
catch was markedly decreased during these periods
(Fallatah 2005).

Fish identification is based not only on morphological
features but also on DNA techniques. Santos et al. (2013)
used mitochondrial and nuclear markers to identify and
differentiate between two species of a grouper
(Plectropomus maculatus and Plectropomus leopardus.
Harrison et al. 2014 used microsatellites to discriminate
between two closely-related species of coral reef fish,
Plectropomus leopardus and P. maculatus (Serranidae).
The TMO-4C4 gene was previously analyzed in a new
Plectropomus areolatus fish sample obtained from Yanbu
coast on the Red Sea in Saudi Arabia (Gharbawi. 2015).

The aim of this work is to determine and analyze the
TMO-4C4 gene sequence in a new Plectropomus
pessuliferus fish sample obtained from Mastoora on the
Red Sea in Saudi Arabia.

2. Materials and Methods

Plectropomus pessuliferus (Red Sea reef fishes) fish
sample was obtained from Mastoora on the Red Sea in
Saudi Arabia (natural habitat).

2.1. DNA Extraction

A tissue sample of about 2-4 mm?® was used to extract
DNA according to the procedure described in a Puregene
DNA isolation kit (Gentra Systems, Minneapolis, MN)
(Streelman and Karl 1997).
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2.2. Primer Design and PCR Amplification of the TMO-
4C4 Gene

Two specific primers forward (5’
CGCTAATGTTTTACGCTGAG 3') and reverse (5
GATGTGTTACCGAGTATTTA 3') were designed for the
TMO-4C4 gene obtained from accession EF517751 of
NCBI GenBank. The PCR-amplification reaction was used
in a final volume of 25 pL containing 12.5 pL of My Taq
Red Mix Master mix (BIOLINE), 1.5 pL of 20 mM of
each forward and reverse primers, 50 ng of template DNA.
PCR conditions started with the initial denaturation step at
94°C for two minutes, followed by forty cycles of thirty
seconds at 94°C, the annealing step at 49°C for one
minutes, and the elongation step at 72°C for one minute
with a final extension of five minutes at 72°C. The PCR
amplified product was analyzed using 1.2 % agarose gel
electrophoresis in a 1X TBE buffer by staining using 0.8
Mg/uL of ethidium bromide, and was visualized under UV
light. A TMO-4C4 fragment size of 466 bp was estimated
based on a 50 bp DNA ladder (Bioron, Germany).

2.3. Purification and Sequence Alignment of the TMO-
4C4 Gene

A 466 bp of the PCR product was purified with the
Zymoclean™ Gel DNA Recovery Kit (Epigenetics
Company) according to the manufacturer’s instructions.
The TMO-4C4 fragment was sent for sequencing, and
sequence was compared with the sequences of the most
closely-related Plectropomus fish samples deposited in
GenBank and the sequencing-genome databases using
BLAST  search  (http://www.ncbi.nlm.nih.gov/blast).
Highly-conserved residues have a black background,
whereas partially conserved residues are shown with a
grey shaded background. Numbering at the end of each
line refers to the position in the alignment.

2.4. Phylogenetic Analysis

The Kimura's two-parameter model was used to obtain
genetic distances (Kimura 1980). The construction of the
phylogenetic tree and the dendrogram were obtained using
multiple alignment of the TMO-4C4 sequence from
Plectropomus by the neighbor-joining method (Saitou and
Nei 1987) with the Geneious Pro 4.5.4 program.

3. Results

3.1. Morphological Features of the Plectropomus
pessuliferus Fish Sample

The Plectropomus pessuliferus sample, locally known
as Najil, was collected from Mastoora. It is related to the
family Serranidae, and was 53.8 cm in length and 2110 gm
in weight. This fish sample was orange, and the whole
body is covered with blue dots as shown in Figure 1.

Figure 1. Plectropomus pessuliferus fish sample obtained from
Mastoora on the Red Sea, Saudi Arabia.

3.2. PCR Amplification and Sequence Analysis of the
Plectropomus pessuliferus’ TMO-4C4 Gene

A fragment corresponding to the partial sequence of the
TMO-4C4 gene of an expected size of 466 bp was
amplified by PCR from Plectropomus pessuliferus. The
gene sequence was aligned and compared to GenBank
databases using BLAST website. Blast alignment data
revealed a 84 % identity between the TMO-4C4 gene
sequence of Plectropomus pessuliferus and eleven
accessions from five different Plectropomus species,
namely laevis, oligacanthus, leopardus, maculates and
areolatus (Table 1).

Sixty nine base-pair substitutions in nucleotide
sequences have been revealed from the nucleotide
sequence analysis of the TMO-4C4 gene alignment data
compared with other Plectropomus species. Forty-four
transversions interchanges from purine to pyrimidine and
from pyrimidine to purine were detected, while thirteen
transitions from purine to purine (A) S (G), and seven
from pyrimidin to pyrimidine (T) & (C). These results and
base-pair substitutions are shown in green color as
presented in Table 2 and Figure 2.

Table 1. Blast alignment results for the TMO-4C4 gene
sequence of Plectropomus pessuliferus

No. Accession Description Identity %
Plectropomus leopardus TMO-

! KMO078024 4C4 protein (TMO-4C4) gene 84
Plectropomus leopardus

2 AYS492Ll TMO4C4 (TMOA4C4) gene 84

3 EF517751 Plectropomus maculatus TMO- 84
4C4 gene

4 EF517747 Plectropomus leopardus TMO- 84
4C4 gene

5 EE517750 Plectropomus areolatus TMO- 84
4C4 gene
Plectropomus leopardus

6 Avodezll TMO4C4 (TMOA4C4) gene 84
Plectropomus laevis TMO-4C4

! KM078023 protein (TMO-4C4) gene 84
Plectropomus laevis TMO4C4-

8 AY949320 like (TMOA4C4) gene 84
Plectropomus oligocanthus

9 AY949300 TMOA4C4-like (TMOAC4) gene 84
Plectropomus areolatus

10 AYS49267 1\10aca (TMOA4C4) gene 84

11 EF517748 Plectropomus oligacanthus 84

TMO-4C4 gene
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Table 2.

Nucleotide sequence analysis of the TMO-4C4 gene of Plectropomus pessuliferus compared to other Plectropomus species.

present in sample as: Nucleotide A A A A

T T T T C C C G G G G

present in NCBI as: sequencerange T G C - A C G - A T G A T C
29 30 44 78 19 47 298 165 135 92 76 43 18 225 85
33 172 74 90 22 81 383 162 186 307 138 48 246 164
51 249 102 185 114 191 334 230 161 319
Nucleotide positions 53 290 280 201 326 280 338 250 199 380
change T=69 54 352 396 243 372 351 283 228
86 263 294 357 388 366
100 79 337 384 371
390
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Figure 2. TMO-4C4 gene nucleotides sequence alignment of Plectropomus pessuliferus sample of Mastoora compared to other
Plectropomus species by Blast. Conserved nucleotides are appeared in black, Putative conserved between the different isolates with no
identity with isolates are boxed in grey, nucleotides appeared only in our isolate are boxed in green.

3.3. Phylogenetic Tree Based on TMO-4C4 gene
Sequence of Plectropomus pessuliferus

The Plectropomus pessuliferus TMO-4C4 gene
sequence alignment with other Plectropomus species
obtained from GenBank was used to build a phylogenetic
tree in which Plectropomus pessuliferus appeared as the
main root origin of all other Plectropomus species’ clusters
as shown in Figure 3.

3.4. Analysis of the TMO-4C4 gene Amino Acid
Sequence

The TMO-4C4 gene sequence was translated and
aligned on GenBank with Blast databases. Six accessions
for three Plectropomus species, namely leopardus, laevis,
and areolatus all revealed a 66 % identity with amino acid
sequences of the gene (TMO-4C4) of Plectropomus
pessuliferus under investigation (Table 3). Amino acid
sequences of the TMO-4C4 gene of Plectropomus
pessuliferus have shown a gap in the first twenty-five

amino acids compared to other amino acid sequences of
the TMO-4C4 gene of other Plectropomus accessions as
shown in Figure 4, whereas a nine-amino-acid domain
<<< LQKLTPRVf >>> appeared only in the sample
sequence of this study compared to the other Plectropomus
accessions.

Table 3. Identity % of TMO-4C4 translated amino acids
sequence from Plectropomus pessuliferus compared with other
Plectropomus accessions.

Accession Putative protein TMO4C4 Identity %
AAY68548 Plectropomus areolatus 66
ABS72105 Plectropomus leopardus 66
ABS72107 Plectropomus laevis 66
AlJ03033 Plectropomus leopardus 66
AAY68519 Plectropomus leopardus 66
ABS72105 Plectropomus leopardus 66
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Figure 3. Phylogenetic tree based on alignment of TMO-4C4 gene sequence of Plectropomus pessuliferus with other Plectropomus

accessions.
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Figure 4.Amino acids’ sequence of TMO-4C alignment of Plectropomus pessuliferus compared with other Plectropomus accessions.

4. Discussion

The morphological features of the Plectropomus
pessuliferus sample under study agreed with those
described by Durville et al. (2003) who maintain that this
species of fish has very variable colors ranging from white
or beige to red and the body is covered with blue. This
species is rather similar to and is often misidentified as
Plectropomus maculates http://www.fishbase.se/summary/
Plectropomus-pessuliferus.html.

However, in morphological taxonomy, characters are
delimited usually without any explicit criteria for character
selection or coding, and the morphological data sets have
the potential to be quite arbitrary. For example,
morphologists do not generally report their criteria for
including or excluding characters, and when criteria are
given, they vary considerably among studies (Wiens
2000). While DNA barcoding such as the TMO-4C4 gene
provides taxonomic identification for a specimen, the
accuracy of such an assignment depends on whether
species are monophyletic with respect to the sequence
variations of the genes. That is, individuals of a given
species are more closely related to all other conspecifics
than to any member of other species. The factors
responsible for deviations from taxonomic monophyly
may be varied and complex (Funk and Omland 2003); one
potential cause of the species-level of polyphyly is the
occasional mating between distinct species, resulting in
hybrid offsprings carrying a mixture of genes from both

parent species. In such cases, combinations of
morphological and genotypic data are needed for the
species assignment of hybrids. Biological mechanisms,
water dynamics, or historical events may cause deep
genetic structuring of populations in marine species
(Barber et al. 2000).

The molecular analysis of the TMO-4C4 gene of an
expected size of 466 bp revealed a 84 % identity between
the TMO-4C4 gene sequence of Plectropomus pessuliferus
and eleven accessions from five different Plectropomus
species, namley laevis, oligacanthus, leopardus,
maculates, and areolatus.

Sixty-nine  base-pair substitutions in nucleotide
sequences have been revealed from the nucleotide
sequence analysis of the TMO-4C4 gene alignment data
compared with other Plectropomus species. The genetic
changes observed in the TMO-4C4 gene of Plectropomus
pessuliferus suggested that the nucleotides’ variation may
be attributed to a change in the genetic composition as
mentioned by (Gharbawi 2015). Amino acid sequences of
the TMO-4C4 gene of Plectropomus pessuliferus showed
a nine-amino-acid domain. These results suggest a unique
sample with new traits which should be fully investigated
in order to have a good understanding of the genetic
information of this fish species to help those interested in
this field including fisheries® management and
phylogeographic studies (Williams et al. 2003). The nature
and extent of genetic changes observed in the TMO-4C4
gene of the Plectropomus pessuliferus sample obtained
from Mastoora on the Red Sea in Saudi Arabia suggested
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that fluctuations in nucleotide sequences are underlain by
significant changes in the genetic composition and
population integrity. The development of robust
hypotheses for phylogenetic relationships within and
among coral reef fish will have a major impact on the
ability to analyze the evolutionary biology of these
colorful, diverse, and ecologically important sea animals.
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