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Abstract

Background: Trichomoniasis, is one of the most common non-viral sexually
transmitted diseases caused by the parasite Trichomonas vaginalis. Little is known
about the genetic diversity and population structure of this parasite. This study
aimed to determine the genetic diversity of T. vaginalis isolated from Iraqi women
and its association with the fertility and the cervical abnormalities.

Methods: Overall, 154 Iraqi women attending the Gynecology Outpatient
departments in Baghdad Province, Iraq from February 2013 to April 2014, were
enrolled in this study. DNA of T. vaginalis isolates was extracted from the culture of
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high vaginal swabs. Multilocus sequence typing (MLST) method for six housekeeping
genes was done in studying the genetic variations.

Results: Fifty-three women (34.41%) were positive for T. vaginalis. MLST method
resulted in different alleles. With glutaminase gene, the highest degree of variation

was found among the six genes.

Conclusion: The genetic diversity in the organism itself in Iraqi isolates can
associate with clinical outcome. Further MLST studies are needed to compare a
larger number of isolates from different localities and correlate the certain mutations
in housekeeping genes to infertile women and patients with cervical abnormalities.

Introduction

Trichomonas vaginalis is a flagellated parasite found in the human vagina and
urethra [1]. It causes the most common, non-viral, sexually transmitted disease in
the world. Overall, 160 million cases of infection are acquired yearly worldwide [2].

Population of developing countries is the majority of affected cases by this parasite

[3].

Symptoms in women range from malodorous vaginal discharge,
inflammation, and swelling of the urogenital tract to increased risk for cervical
cancer and adverse pregnancy outcomes [4, 5]. “In addition, the risk of tubal
infertility was almost twice as high in women who recalled previous trichomoniasis,
compared with women with no such infection” [6]. The incidence rate of trichomonal
infections among infertile couples is higher than that among fertile couples [7]. The
World Health Organization (WHO) defines infertility by the failure to achieve a
clinical pregnancy after 12 months or more of regular unprotected intercourse.
Primary infertility is inability to get pregnancy. Secondary infertility is a failure to
conceive following a previous pregnancy [8, 9]. Trichomoniasis is suggested by
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punctate hemorrhages over the vagina and cervix, the so-called strawberry cervix
[10].

The new methods of diagnosing and treating the disease are shown with the
cracking of the genome of the T. vaginalis [11]. Genetic diversity caused by selection
and different mutational and sexual events rests on genome changes ranging from a
single base-pair exchange to changes of entire chromosomes [12]. Multiple methods
for typing Trichomonas isolates have been designated, and these studies produced
different results, even when using similar techniques [13,14,15].

“MLST method, requiring only the ability to amplify DNA fragments by PCR and to
sequence the fragments”._Using single-copy gene for this purpose has several
advantages over gene with multiple copies. It allows highly accurate diversity
measurement and phylogenetic relationships [16]. The present study aimed to search
this intragenomic heterogeneity of T. vaginalis isolates and its association with the

fertility and the cervical abnormalities.
Materials and Methods

One hundred fifty- four samples were collected from women attending the
Gynecology out -Patient departments in Baghdad, Iraq during the period from
February 2013 to April 2014. Based on availability of full clinical information (A
questionnaire sheet was filled out) about each patient, high vaginal swabs were taken
from 80 fertile and 74 infertile (29 primary infertile and 45 secondary infertile)
women at different ages from 15-54 yr. During this process, examination by a
gynecologist for cervical abnormalities was done. Ethical clearance was obtained the
committee of ethical standards in the Collage of Medicine/ University of Al-Nahrain,

and informed consent was obtained from patients.
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The swab was pressed between the In-Pouch TV System media (Biomed
Diagnostics, Inc. USA). The culture was examined daily for three days before being
considered negative. Then positive culture inoculated into culture tubes containing
Trichomonas modified medium (CPLM), incubated at 37 °C supplemented with 10%
inactivated horse serum and antibiotic solution (50 pg of gentamicin/ml, 40 pg of
ciprofloxacin/ml, and 50 pug of miconazole /ml). The culture was examined daily
until the culture populations were in the log phase of growth at an inoculating
concentration of 106 cells/ml by using Neubauer chamber slide. These cells were
collected by centrifugation for 15 min at 500 xg at 4 °C. Pelleted cells were washed
twice with phosphate-buffered saline (PBS pH 7.4). Washed pellets were stored in -

20 °C prior to DNA extraction [17].

DNA extraction: for DNA extraction from Trichomonas cultured cells, a ready
QIAmp DNA mini kit (Qiagen Catalog no. 51304) was used according to the

manufacturer's instructions.

PCR amplification and nucleotide sequence determination: Six single-copy
housekeeping genes of T. vaginalis, were characterized based on their diversity.
Primers for MLST loci were mentioned [17]. These primers were designed from
Eurogene kit primers (Eurogene, UK) to amplify gene fragments of 450 to 500 bp for
the six genes; Tryptophanase (P1) tryp, Glutaminase (P3) glut, Family T2
asparaginase-like threonine peptidase (P6) ft2a, Alanyl tRNA synthetase (P8) alts,
DNA mismatch repair protein (P13) dmrp and Mannose 6-phosphate isomerase

(P16) m6pi also mentioned in part I of this article [18].

Sixteen isolate were typed. The six genes were amplified at a final volume of 50pul

using Hot Start Taq Master Mix. The master mixture contained 0.2 uM
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concentrations of forward primer, 0.2 uM concentrations of reverse primer, 2.5
mMMgCl2, and o.5ug of template DNA. Amplifications were performed using the
Applied Biosystems thermal cycler (Applied Biosystems USA). Thermocycler
program conditions were the same for all loci as follows: 95 °C for 5 min; followed by
40 cycles of 95 °C for 1 min, 55 °C for 1 min, and 72 °C for 1.5 min; followed in turn
by 72 °C for 10 min. Three pl of each reaction was visualized on a 1.5% agarose gel to
verify the amplification. The remaining 47 ul of PCR product were purified prior to
sequencing using Charge Switch PCR clean-up kit according to manufacturers“

instructions.

After purification of PCR products and determine the product quality using gel
electrophoresis, the purified products were used as a template sequence cycle using

ABI big dye terminator ready reaction kit.

After setup for sequencing, the plate was placed in the 3730 sequencers. Then the

data were examined by using the Mutation Surveyor software.
Nucleotide sequence analysis software:

A sequence Alignment search was conducted between the sequencing results of
PCR products and the sequence of standard gene by BLAST program (details of T.
vagialis G3 (ATCC Prag8 [http://trichdb.org /trichdb/]), available at the national

center biotechnology information (NCBI) online at (http://www.ncbi.nlm.nih.gov)).

Results
By the use of In-Pouch TV culture, out of 154 examined women patients at the age
ranged between 15 and 54 yr with a mean of 34.5 yr, 53 (34.4%) were infected with T.

vaginalis. The isolates have a range of morphologies.
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The women participated in this study were categorized according to the baseline of
fertility and infection with T. vaginalis as in (Table 1). Then a comparison between
the two classes of infertility and fertility cases were shown in (Table 2). Cervical
abnormalities in women represented 41.5% (22/53) according to the examination of
the gynecologist for infected women.

Table 1: Comparing between fertile and infertile women according to the

percentage of infected cases.

Studied No. of No. of infected Ve P- value
group tested cases cases and %
(154)
Fertile 80 29 (36.25%)
Infertile 74 24 (32.43%) 1.028 0.392 NS

NS: Non significant

Table 2: Comparing among fertile, primary infertile and secondary

infertile women according to the percentage of infected cases.

Studied group No. of tested No. of infected cases (53) and | x P- value
cases (154) %
Fertile 80 29 (54.71%)
Primary infertile 29 7 (13.20%) 5.269 | 0.0271*
Secondary infertile 45 17 (32.07%)
*(P<0.05)

Sixteen isolates were typed, seven of them were not typed because the original
primers failed to generate an amplicon.

The obtained sequences of the six housekeeping genes and the mutations were
denoted by the first letter indicating the nucleotide or amino acid present in the
genome sequence of reference strain G3 (ATCC Prag8 [http://trichdb.org
/trichdb/]), the number indicating the position of the change relative to the open

reading frame, and the second letter indicating the variant nucleotide or amino acid.
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Analysis of the Loci Sequence Data
The results reflect P1 locus (tryp gene) showed the mutation tryp A48328G

which belong to isolates of secondary infertile patients with and without cervical

abnormalities as shown in (Table 3).

Table 3: The sequencing result of tryp (P1) locus

Mutati Type Positio | Wild | Mutate | Change | Effect on | No. of
on n type d of translati | isolat
codo | codon | amino on es
n acid (1)
A>G Transition |c.48328 | CCA CCG P16110 P Silent 4
C>A | Transversio | c.48349 | TTC TTA | F16117L | Missense 2
n

The missense mutation tryp C48349A was appeared in isolates belong to cervical
abnormalities patients only in addition to the mutation tryp A48328G. A new allele
found in two isolates’ sequence results belong to secondary infertile patients had
cervical abnormalities, with sequence closest similarity (99%) since there was only

one change at base number 48349 bp (C to A).

Many mutations were obtained from the locus glut (P3) including presence of
double peaked mutations referred to primary infertile women with no cervical
abnormality (Fig. 1, 2), which do not occur in other isolates that belong to fertile and
secondary infertile women. A number of alleles of this locus in our studied isolates

were three, and a new allele was found.
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Fig.

1: Sequencing results of glut. belong to primary infertile patient with

no cervical abnormality a- wild type of glut gene, b- the transition of the

wild type alleles and c- the mutation surveyor. The arrow refers to the

position of double peaked mutation.

e 1R Se R 146 05 12104 0 0 sl - N I’N -0 1455 o4 8w -
20 7 x4 220 WIT M0 WTHNT 1202 12 2000 2 24 e 1
3.@..4.?‘0 ....... AR S R 100100 -1 109-ccccccnes @F9 cccccsccncecccsccsscscasssncanee ,‘-0"00‘ P-csocnccasces DY oececcee 100 100 ==ennnn 39
0 o aw 100 095 ‘ﬂ ° o8 oxn L0 0w Pﬂ 10009 v
2 l 4 4 (0 !
SWM ........ ;H\/\/\j \ﬂ .......... e } & ....... “ .............. ” .......... A .............
1005 02 2 PR ST " A 2 Lh o n PR Y-S s s 24
S KA4_D06. 3D < Qualty(0-100):31
’ £33 100 05 110 115 120 125 10 [ES 140 145 % 155 16 165 70 3 )

GAAAAGATTAGTTITCTTAAAAGAAGTTTACTCATCTOAAATOOAAACTACTOATGOGTCAACAAATCTATTGOCCTATTACCTACGAAGCAAS

P3_R_Synthess_SS7.5 < Qualyto-lm) 81

6,000

25 270 5 ns

5 240 245 250 %0 20 285 0 95 20 05 310 30
GACAAGAT AALGCTITCCT AhkAOAOOIC' A!ﬂc;JC‘OAAA!OOAAAC! ACTOATOICAATAAGTCAATTOCCTACTACCT AAOOWQ
.................................................... M\N ﬁﬁ f

F1g 2: DNA sequencing results (contlnue)

As regard to the locus ft2a (P6), there was only one missense mutation (Fig. 3)

belong to secondary infertile women did not have cervical abnormality (ft2a

G85398A). Allele number of the P6 locus was one with sequence closest similarity

(99%) and there was maybe a new allele (G to A) at base number 85398 bp.

328



Journal of University of Babylon for Pure and Applied Sciences,Vol.(26), No.(7): 2018

Re> f\]_}rm 351.9d-> My‘blm)

€. WPeeeseosafiificcssncsaffeonsse . ooe L cecediPfeccccce
smccAoACOALAAGItcoAAACAGCAXACAAcco%!‘.X XCCAGGARCAAX ::c!

occuooxonccanub.\
. ;%M ......... i MM i \j' i NM\ i f\”‘“ = ”._“:

0

Sv-> K)cclubx - Qualty (010021
=5 7 =5 % 3% 5
b wcclolco‘ll!o’YCO‘AAC.‘CA?.CAACCOY?A' l'c(looA'Cl"'f’cfoocc‘coofo‘cho'YAOA‘
e
e DR
aNANT A (5} m\ /; (.\ }\
¢ AN A AN
A AN A A/
ey |¢I,$“u
T (e —————————————————————— Bd ettt eeeeeeeetees et e ee s e st e s e st eet s
100
cva 1
=
o g |
R ST VY T P L P i i P T S T B T TP T
3800 3850 3500 3% 14;:00 = 4100 1w 20 2% «30 4350 e s4%0 450

Fig. 3: Sequencing results of ft2a. referred to secondary infertile patient
did not have a cervical abnormality. a- wild type of ft2a gene b- the
transition of the wild type alleles and c- the mutation surveyor. The

arrow refer to the position of mutation.

Analysis of the locus alts (P8) revealed one missense mutation (Fig. 4) alts
T81244C, which belong to secondary infertile women with cervical abnormalities.
MLST software package program to analyze this locus revealed the allele number 1
with closest similarity 99%. A new allele probably was found (T to C) at position

81244bp.
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Fig. 4: Sequencing results of alts referred to secondary infertile patient

have a cervical abnormality.
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Locus dmrp (P13) showed one silent mutation dmrp C14179T referred to isolates
of secondary infertile patient with cervical abnormalities (Fig. 5). Search results of

this locus revealed allele number 10 to studied isolates.
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Fig. 5: Sequencing results of dmrp.referred to secondary infertile patient

with cervical abnormalities.
Finally, the locus mé6pi (P16) showed one missense mutation mé6pi G54771T. The
mutation belongs to isolates of secondary infertile patients with and without cervical

abnormalities (Fig. 6). Allele number of this locus in studied isolates was two.

T 1,500 1850 200 2050 Tn 2450 2200 2260 2300 2350 200

Fig. 6: Sequencing results of mé6pi referred to secondary infertile patient

with and without cervical abnormalities.

Discussion
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No significant difference in infection rates was found between the percentages of
fertile and infertile patients (Table 1), but there was a significant difference at the
level P<0.05 between primary and secondary infertile patients (Table 2). This was in
line with previous study, that women with secondary infertility are more likely to
have pathogenic organisms than women with primary infertility [18]. This may
referred to infections acquired during a previous delivery especially when the women
are delivered in homes by unskilled birth attendants, or lack of asepsis during

insertion of Intrauterine devices (IUD) as a type of birth control methods.

We have introduced the first MLST method for investigating the genetic diversity

of Trichomonas vaginalis in Iraq.

Failure of particular primers to amplify gene fragments may cause by nucleotide
mismatches or lacking of primer target sites [19] and the sequence diversity [17].

Sequence analysis of the locus P1 was identified by MLST. Yet one missense
mutation in this locus with similarity of 99%, (tryp C 48349 A) belong to secondary
infertile patients who had cervical abnormalities and did not appear in isolates of
cases without cervical abnormalities. This may be of great diagnostic value. On the
other hand, tryp A 48328 G, which was silent mutation associated with isolates of
secondary infertile patients who had cervical abnormalities and who did not have

cervical abnormalities cases.

Analysis of P3 gene showed a higher number of mutations comparing to other
studied genes with similarity of (87%, 88%, and 98%) to the isolates with a standard
subject in BLAST. Sixteen missense mutation scattered across this gene resulted in
alteration in encoded amino acids, while the other mutations were silent. The
sequence traces (electropherograms) indicated the presence of multiple alleles by the
presence of 3 double nucleotide peaks as shown in figure 1 and figure 2; (glut G 1189
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A), (glut T 1169 C) and (glut A 1102 G) in two isolates belong to primary infertile
women which do not exist in other isolates that referred to fertile and secondary
infertile women. The first one (glut G 1189 A) was the most important because it can
alter the amino acid Glutamic acid to Lysine and this change implies changing from
acidic polar to basic polar (negative to positive side chain charge) which would be
expected to result in changes in peptide structures and inter and intralineage
catalytic/phenotypic differences [20]. The third one was also missense (Methionine
to Valine), but those amino acids are similar in most properties. Although the second
one was silent, it provides a reasonable biological mechanism for why it would be

associated with primary infertile isolates.

There was another double nucleotide peak (glut G 871 A) that appeared in two
isolates belong to secondary infertile patients who had cervical abnormalities but not
in other patients. This mutation altered the translated amino acid from alanine to
threonine (nonpolar or hydrophobic to polar), that is mean from amino acid involved
in proteins’ tertiary structure to amino acid usually found at the surface of proteins.
This mutation may have a diagnostic value for cervical abnormality in trichomoniasis

patients.

The arginine dihydrolase metabolism is a major pathway for energy production
for the parasite. Glutamate dehydrogenase and aminotransferases have a central role
in this regard. These pathways are likely catabolic but may be reversible to allow the
parasite to synthesize glutamate, alanine, aspartate, glutamine, and glycine [11]. High
variability and polymorphism resulted by MLST method in current study, could be

attributed to the high variability of this locus [18].

Housekeeping gene ft2a (P6) analysis showed one mutation (ft2a G 85398 A)
which was missense and changed the amino acid from Alanine to Threonine
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(nonpolar to polar) in isolates belong to secondary infertile patients. This mutation

also expected to result in significant changes in peptide structures as above.

Analyses of alts (P8) gene revealed also one missense mutation (alts T 81244 C)

in isolates belong to secondary infertile patients who had cervical abnormalities.

One mutation had been shown in the gene drmp (P13) which is (drmp C 14179
T). This silent mutation was belonging to secondary infertile patients who had
cervical abnormalities. The gene showed 99% similarity. Although the effect of these
two mutations (in P8 and P13) cannot be compared with fertile, primary infertile
women and no cervical abnormalities women, they can provide an assignment for

secondary infertile and cervical abnormalities patients at the same time.

The sixth gene P16 with similarity 99%, exhibited one missense mutation (mé6pi
G 54771 T) in isolates belonged to secondary infertile, cervical and no cervical
abnormalities patients simultaneously. This mutation alters the amino acid from

Methionine (non-polar sulfur containing) to Isoleucine (non-polar).

Variation in the morphology may cause due to presence of multiple strains or
“may be due to intragenomic variation in the certain one or more single copy

housekeeping gene causing morphological variation to a certain strain” [18].

Although the study is restricted by the fact that T. vaginalis isolates were not
shared in more than one or two genes, these data may offer a putative assignment to
a known clonal lineage [21] by using only two or three loci. The present data suggest

different degrees of conservation in 7. vaginalis housekeeping genes.

MLST software package program for detecting the allele and allele profile (ST)
number of the strain revealed the 22 different alleles for studied six loci and presence

of a new allele in four loci [18].
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The intragenic diversity in the organism itself may be associated with clinical
outcomes [22, 23], and this agrees with recent results of this study and this has
important implications for genetic research and controls the disease.

Conclusions:

Based on the findings of the present study, the genetic diversity in the
Trichomonas vaginalis in Iraqi isolates can associate with clinical manifestations
and this suggests that different genotypes are prevalent in Iraq. More researches are
needed to compare a larger number of isolates from different areas and correlate the
certain mutations in housekeeping genes to understand and prevent the adverse
impact of T.vaginalis on the reproductive health of women.

Acknowledgements

The authors would like to thank all the staff at the molecular oncology
Department of Guys hospital/Kings college/London especially Professor Dr. Khalid
Tobal and the Medical Research Unit in College of Medicine/Al Nahrain University/

Iraq for their assistance. The authors declare that there is no conflict of interests.

References

1. M. A. Donne, Animacules observes dans La, et le produit des secretions des

organes genitaux de 'homme et de femme. C R Acad Sci. vol. 3, pp. 385—6, 1836.

2. D.F. Harp and I. Chowdhury. "Trichomoniasis: Evaluation to execution". Eur J

Obstet Gynecol Reprod Biol. vol. 157, no. 1, pp. 3—9, 2011.

334



Journal of University of Babylon for Pure and Applied Sciences,Vol.(26), No.(7): 2018

3. Ch. Abdolali and K. Isaac. The prevalence of Trichomonas vaginalis infection
among patients that presented to hospitals in the Kermanshah district of Iran in

2006 and 2007. Turk J Med Sci. vol. 40, no. 6, pp. 971—5, 2010.

4. A. G. Kutikhin, A.E. Yuzhalin and E.B. Brusina. Infectious Agents and Cancer.
London: Springer Science & Business Media Dordrecht Library of Congress. pp, 82-

84, 2013.

5. C.M. Ryan and N.J.P.de Miguel. Trichomonas vaginalis: current understanding of

host-parasite interactions. Essays Biochem. vol. 51, pp. 161—-175, 2011.

6. F. Grodstein, M.B. Goldman and D.W. Cramer. “Relation of tubal infertility to

history of sexually transmitted diseases.” Am J Epidemiol. vol.137, no. 5, pp. 577-
584, 1993.

7. AM. El-Shazly, H.M. El-Naggar, M. Soliman and T.A. Morsy. A study on
Trichomoniasis and female infertility. J Egypt Soc Parasitol. vol. 31, no. 2, pp. 545-

553, 2001.

8. World Health Organisation: Infertility definitions and terminology -
http://www.who.int/reproductivehealth/topics/infertility/definitions/en/2013-03-
19.

9. M.N. Mascarenhas, S.R. Flaxman, T. Boerma, Sh. Vanderpoel and G.A. Stevens.

National, Regional, and Global Trends in Infertility Prevalence Since 1990: A

Systematic Analysis of 277 Health Surveys. PLoS Med. vol. 9, no. 12, pp. 1-12, 2012.

10. P.M. Casey, M.E. Long and M.L. Marnach. Abnormal Cervical Appearance: What to
Do, When to Worry? Mayo Clin Proc. vol. 86, no. 2, pp.147—151, 2011.

335



Journal of University of Babylon for Pure and Applied Sciences,Vol.(26), No.(7): 2018

11. J.M. Carlton, R.P. Hirt, J.C. Silva, A.L. Delcher, M. Schatz, Q. Zhao, et al. Draft
genome sequence of the sexually transmitted pathogen Trichomonas vaginalis.

Science, vol. 315, pp. 207—212, 2007.

12. M. Soller and J.S. Beckman. Genetic polymorphism in varietal identification and

genetic improvement. Theor. Appl. Genet. vol. 67, pp. 25-33, 1983.

13. M. Tibayrenc. Multilocus enzyme electrophoresis for parasites and other

pathogens. Methods Mol Biol. vol. 551, pp. 13-25.

14. M. Conrad, Z. Zubacova, L.A. Dunn, J. Upcroft, S.A. Sullivan, J. Tachezy and
J.M. Carlton. Microsatellite polymorphism in the sexually transmitted human
pathogen Trichomonas vaginalis indicates a genetically diverse parasite. Mol

Biochem Parasitol. vol. 175, pp. 30—38, 2011.

15. M.A. Merdaw, K. Tobal, N.M. Al-Bashier, L.H. Al-Taie, T. Hussam-eldeen and
E.A. Jasim. Isolation and Genotyping of Trichomonas vaginalis isolates by PCR-

RAPD in Baghdad City. Int J Sci Nat. vol. 5, no. 4, pp. 689-693, 2014.

16. J. Rebecca, Y. Boucher, I. Dahllof, C. Holmstrom, W.F. Doolittle and S.
Kjelleberg. Use of 16S rRNA and rpoB Genes as Molecular Markers for Microbial

Ecology Studies. Appl. Environ. Microbiol. vol. 73, no. 1, pp. 278-88, 2007.

17. D. Cornelius, D. Robinson, Ch. Muzny, L.A. Mena, D.M. Aanensen, W.B.
Lushbaugh and J.C. Meade. Genetic Characterization of Trichomonas vaginalis
Isolates by Use of Multilocus Sequence Typing. J Clin Microbiol. vol. 50, no. 10, pp.

3293—3300, 2012.

18. M.A. Merdaw, N.M. Al-Bashier, R.A. Hussein and L.H. Al-Taie. Genetic Variation
of Trichomonas vaginalis isolates from Iraqi Women: A New Sequence Type. Int J

Adv Res. vol. 4, no. 3, pp. 305-311, 2016.
336


http://www.ncbi.nlm.nih.gov/pubmed/?term=Robinson%20DA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Muzny%20CA%5Bauth%5D

Journal of University of Babylon for Pure and Applied Sciences,Vol.(26), No.(7): 2018

19. A. Miah. Characterisation and Molecular Typing of Clinical and environmental

Isolates of Vibrio parahaemolyticus. Ph.D. Thesis, University of Plymouth. 2009.

20. M. Yeo, I.L. Mauricio, L.A. Messenger, M.D. Lewis, M.S. Llewellyn, N. Acosta, et
al. Multilocus Sequence Typing (MLST) for Lineage Assignment and High Resolution
Diversity Studies in Trypanosoma cruzi. PLoS Negl Trop Dis. vol. 5, no. 6, pp. 1049,

2011.

21. M.C. Maiden. Multilocus sequence typing: a portable approach to the
identification of clones within populations of pathogenic microorganisms. Proc Natl

Acad Sci USA. vol. 95, no. 6, pp. 3140 —45, 1998.

22. C.R. Stensvold, C.G. Clark and D. Rser. Limited intra-genetic diversity in
Dientamoeba fragilis housekeeping genes. Infect Genet Evol. vol. 18C, pp. 284-86,

2013.

23. J.C. Meade and J.M. Carlton. Genetic diversity in Trichomonas vaginalis. Sex

Transm Infect. vol. 89, no. 6, pp. 444-8, 2013.

e ABe taldl o) s ludl) (e Jgmal) Aaligal) il jrdial) udds < el ) gl pulal
pa ) @i il gl 4y guadl)

¥, il dda dana o83 T Al Jladlae A8 TABIS lua jaa Y g e 88 e ¢ gena
2,4‘1.23\ KTV
GBI ad) /203k /218 daals /Adapeal) 4408 /4G gy pead) 4y el o glad) g8 Y

337



Journal of University of Babylon for Pure and Applied Sciences,Vol.(26), No.(7): 2018

Gl /3038 /) Amalas /adal) A4S /4 jeaall £LaY) and ¥
G /8 pasl) /8 ) daalas /43 pall o glall dy 3 4418 Bl o gl anid ¥
) /3038 /0 gl Aaala /adal) A0S //dplal) & gal) Bas g €
GBIl /3038 /0 ) daala /Adual) A8 /A jpaall pLaY) aud o
4AadAll
bl Ay L B gl g il e Gl ) ST e aaly sa Baligall S atall el siiag /AAI
oda i JLabll 1) el JSuell s sl g sl ge Qi) (55w e Y Trichomonas vaginalis

an )l (ie a5 4y gaadlly alalii ) 5 Abigal) ol prial) Ll Y el sl g gl yass ) Al 5l

Cliise (e 30 A Al () eV 5 83N ol aud Cpral (e A8 je 3l el 10§ (e de sana (e o3 sl
Y el a5l pmeal) gl At &3 Aulall sdgd ¢ YoV e lus I YT Bld e byl A sz Aailas
Gliall e 3] (MLST) &) sall aaaiall el Jasaiil) 48 jha o) ja) o3 Ailgall Slasddl ¢ 55 30 (0 SLidlal)

Agiad) G il A jal dgas all

3y yha & el .T.vaginalis Lkl Al da g Aty Culac| N8 (7 ¥e.8Y) 31 el () gesad g DU sl
Al B gall () il (e da o el glut &) sall OS5 ddlise <O 252 s MLST
il gy of oSay ¢ @loall Y e b ands Al G 8 S5l gl o ZlimaY) oSe szliiia)
Al g adlgall Caling (o Y 3all (e 5SEaae 45 Hed MLST @lulpall (e ae G Aals @llia 3 0 )
el Bie Cila i g alal) (e ailay SO eliadl Agaa pall ) gall (8 B2l ) ikl
el Tapaiil) 48 5k aa Sl (e Gl gl Ay peadd) | S5l bl Al G pedall il sdialial) clalsl)

&8 sall 2axidl)

338



