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The most commonly used approach for Entamoeba species differentiation up to date is
the tRNA-linked STR regions of the parasite’s genome. In the present study, a new reliable, fast
and easy molecular tool for species differentiation was developed. DNA was isolated from fecal
samples collected from infected subjects with either Entamoeba histolytica (EH) or Entamoeba
disper (ED) in Saudi Arabia. Two types of primer sets were compared in which the first targeted
tRNA-linked STR regions, while the second was designed after multiple contig alignment of the
two genomes using NUCmer program in aligned areas with high similarity (~90%) and difference
between of ~90 bp. The selection criteria secures that designed primers should pair with both
EH and ED contig sequences at homologous regions of 200-500 bp of both species except for the
presence of indels that result in the recovery of amplicons of two species with different sizes.
Banding patterns in the tRNA-linked STR region resulted in the occurrence of several common
amplicons. We speculate that primers mismatch with regions other than the specified STR
arrays of Entamoeba histolytica or Entamoeba disper with organisms other than Entamoeba
existed in the fecal sample. However, the STR-based approach looked very useful in studying
strain differentiation and parasite diversity. The results for the new approach complemented
those of the STR-based approach, except that the latter failed to detect coinfected subjects. The
new approach proved to be useful at the species level, while the tRNA-linked STR approach
can still be a good choice for strain differentiation.
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Amebiasis is a disease basically caused
by the pseudopod-forming protozoan parasite
Entamoeba histolytica (EH). The disease can
either be asymptomatic! or can result in severe
infection with amebic colitis (AC) and amebic

*Corresponding author E-mail: abmahmed@kau.edu.sa

liver abscess (ALA). AC is the main cause of
diarrhea worldwide for children up to two years
old especially those living in the rural developing
countries. The disease represents the third leading
cause of death, accounting for 9% of all deaths in
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children up to five years of age”*. In Saudi Arabia,
there are several communicable diseases affecting
the human digestive system likely associated with
Hajj season. EH is likely to be one of the most
common causes of infectious diarrhea among Hajji
individuals in addition to the diseases transferred
from individuals coming from endemic areas’. The
main problem lies in the possible transmission of
new invasive strains of the parasite during this
season.

Previous efforts of differentiation at the
microscopic level failed to discriminate among
Entamoeba species. Advances in molecular
diagnostic methodologies have resulted in the
recognition and separation of EH from the three other
nonpathogenic species that infect humans. These
other species are morphologically indistinguishable
from EH. They are E. moshkovskii that may cause
diarrhea®, in addition to the nonpathogenic E. dispar
(ED) and the newly described E. Bangladeshi’.
This scenario changed when ED strains were lately
isolated from symptomatic patients in Brazil'™.
These ED strains were able to cause AC and
ALA that are occasionally indistinguishable from
those produced by EH. This finding revived the
possibility that ED can produce lesions in humans.

As ED was reported to be several times
more common than EH worldwide?, it is a must
to detect discrete characteristics of this species as
compared to EH. However, as indicated earlier,
discrimination between Entamoeba histolytica (EH)
and Entamoeba dispar (ED) as two separate species
is still a difficult task. As a more complication, not
all EH infections lead to disease in the host as only
~10% infections progresses to the development of
clinical symptoms °. These findings indicate that the
outcome of EH infection is still a mystery but we
speculate it is strain-specific. In addition, evidences
of coinfection with EH and ED was reported in
some areas of endemicity with both parasites''. The
later poses more burden into the characterization
of either species, a phenomenon that exists in our
study.

Molecular characterization based on the
short tandem repeats (STRs) linked to tRNA genes
of either species indicates the existence of a large
number of subspecies or strains'. The latter type
of differentiation, e.g., STRs, poses more burden in
detecting a certain marker with a specific molecular
weight for either species, on one hand, in addition

to the possibility to get successive PCR products
with similar sizes in other Entamoaba or non-
Entamoeba species, on the other hand. Therefore,
we found it useful to develop a reliable, fast and
easy molecular tool for species differentiation,
while recommend the use of STR markers only for
strain differentiation. The first approach requires
studying no more than one locus, while the second
requires studying several loci for discrete strain
differentiation'"'3.

MATERIALS AND METHODS

Sample collection and DNA isolation

Fecal samples were collected from 37
dysentery-infected subjects, either Saudi or non-
Saudi, in four hospitals in Jeddah, KAU. An
ethical approval (no. A00451) has been issued by
the Ministry of Health, Saudi Arabia following
the regulation of the General Administration for
Research and Studies at the Ministry of Health
(registration no. 1195437) and the National
Committee for Medical and Biological Ethics
(registration no. H-02-J-002). Consent forms
were filled by infected subjects or their relatives
at sampling time.

The fecal samples used for molecular
characterization were kept fresh at 4°C and
diagnosed by microscopic examination and positive
samples were subjected to DNA extraction by using
QIAMP mini kit specific for stool purification
(QIAamp® DNA Mini kit, Qiagen GmbH, Hilden,
Germany) following manufacturer’s protocol. In
order to remove RNA contamination, RNase A
(10 mg/ml, Sigma, USA) was further used to DNA
samples and incubated at 370C for 30 min. The
purity and concentration of DNA in the extracts
were checked by the nanodrop (NanoDrop 2000
spectrophotometer, Thermo Scientific™, Thermo-
Fisher scientific, DE, USA).

Primers used and PCR conditions

Two types of primers were used in the
present study. The first type of primers (either
genus- or species-specific) were originally
designed by Ali et al'! in the tRNA-linked STR
regions to amplify those of the EH HM-1:IMSS
tRNA gene sequences (GenBank accession
numbers BK005648-BK005672). Genus-specific
primers of tRNA-linked STR of RTCT and NK1
arrays were used to amplify both EH and ED
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DNAs, while species-speci?c primers of tRNA-
linked STR of RTCT were designed to amplify
DNAs from one species only (Table 1 & Figure
S1). Nomenclature of these strain differentiation
primers derived from the single-letter amino
acid code for the relevant tRNA genes ?anking
the STRs being ampli?ed. Consensus array unit
sequences and STR organizations are shown in
the link http://homepages.lshtm.ac.uk/entamoeba/
units/units.htm. Accession nos. used in designing
primers of the RTCT and NK1 tRNA-linked STR
arrays are BK005654.1 and BK005655.1 for EH,
while HQ439972.1 and EF421344.1 for ED,
respectively (Figure S1). PCR was performed
using a ready-to-use master mix (BioTaq Green
Master Mix, Promega) with DNA concentration
of ~50 ng and conditions were 95°C/5 min (initial
denaturation), 95°C/30 sec, 55-58°C/45 sec and
72°C/1 min (36 cycles), 72°C (final extension),
then reaction was held at 4°C. Amplicons were
originally run on agarose gel (1.5% in 1x TBE
buffer) and successful amplicons were run using
polyacrylamide gel electrophoresis (PAGE)™ to
recover amplicons with higher resolution. Either
gel type was stained with ethidium bromide
(0.3 ug/ml), then visually examined with UV
transilluminator and photographed using a CCD
camera (UVP, Cambridge, UK).

In order to design the new species-
specific primers, genomes of EH (https://www.
ncbi.nlm.nih.gov/genome/27) and ED (https://
www.ncbi.nlm.nih.gov/genome/372) were
retrieved from NCBI (https://www.ncbi.nlm.
nih.gov/genome/?term=entamoeba). Contigs
of the two genomes (https://www.ncbi.nlm.

nih.gov/Traces/wgs/AAFB02?display=contigs,
https://www.ncbi.nlm.nih.gov/Traces/wgs/
AANVO02?display=contigs) were downloaded
from NCBI. Multiple contig alignment of the two
genomes was done using NUCmer module 3.0
(NUCleotide MUMmer, part of mummer software)
to determine the position and orientation of a set
of sequence contigs, and to find all of the maximal
unique matches of a given length between the two
input sequences, a step to increase the overall
coverage of the alignment'®. Only about 100
contigs of each species showed partial matching
in DNA sequences. Commands were made to
recover a delta file, which was converted to a
coords file. The latter file type is accessible by
Excel (xIxs). The contig pairs with high similarity
(~90%) and difference between aligned area with
~90 bp (sequence similarity/difference criteria)
were selected in the recovered Excel file. Different
groups of primers were detected in this study for
contig pairs meeting the sequence similarity/
difference criteria. PCR was performed using
ready master mix (BioTaq Green Master Mix,
Promega) and conditions were 95°C/5 min (initial
denaturation), 95°C/30 sec, 52°C/45 sec and 72°C/1
min (40 cycles), 72°C (final extension), then
reaction was held at 4°C. Amplicons were run on
agarose gel, stained with ethidium bromide (0.3
ug/ml), then visually examined and photographed.

RESULTS

A number of 37 subjects (19 males
and 18 females) aged between 1 and ? 50
years with background from more than seven

Table 1. Primers generated used for strain differentiation

tRNA primers Sequence (5° to 3°) Annealing
temp. (°C)

General primers

R-R5 AGCATCAGCCTTCTAAGCTG 55

R-R3 CTTCCGACTGAGCTAACAAG

N-K5 CGAACGGCTGTTAACCGTTA 55

N-K3 TTCCTAGCTCAGTCGGTAGA

EH -specific primers

RR-HS GCGCCTTTTTATTCAATATACTCC 57

RR-H3 GGATGAAGATATCTTCACAGGG

ED-specific primers

RR-D5 CATGAGGCGCCTTTTTATCA 58

RR-D3

AGGGATGATGATATTGAACACACTC
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countries participated in the study (Table 2). Saudi  the study. Double survey of infection in tRNA-
individuals (~66%) and those of 1-10 years old linked STR arrays indicated that all these subjects
(~46%) represented the most frequent subjects of  are infected with Entamoeba (Figures 1 & 2).
the two categories (e.g., nationality and age) in  All types of tRNA-linked STRs with Entamoeba

8  GOCTTGTTAGCTCAGTCGGAAGMGCATCAGCCTTCTAAGE THRGEETCECAGGTTCGAGCCC TACATGAS
TACTTATACTACTTATTATCTTATATGTTTATATGTATATATCACTATATGTTTATATGTTTATATGTTT
ATATGTTTATATGT T TATATGT TTATATGT TTATATGTCTATGTATGCTTGCTTATTATTTATGTTATAT
ATTTCTCTATCTTATATTATTTATGTTCTTATTTTATTATTTTATTATTTCTTTATTTCTTTATTTCTTT
ATTTTATTATCCTATTATGTTCTTATTTTATTCTTTTTTTATGTTATTATGTTATTATGT TATTATCCTA
TTATACTATTATACTATTCTTATATTCTTATTTCTTGTTTTTTTTATGTTATTATGTTCTTATTTCTTTA
TTTTATTATGTTCTTATGCTATTATCCTATTATTTTATTATGTTCTTATGTTCTTATTTCTTTATTTTAT
TATGTTCTTATETTC T TATTTC T T TAT T T AT TATGTTCTTATGCTATTATTTCTTTATTTTATTATSTT

b AGCATCAGLLT TC TARGL TGRGEGTCECAGGT TCGAGCCCTHEATGABGLGLL T TTT TATCATCCATATE
TAT AL TATAMC TATACC TATAAC TATACCTATCCAACTTTATACTC TCTATGTTTCTTATATGTATATT
ACTTATTTETACT AL TTATTATCAAC TATACACCTATCCTATACTATATCC TTATTATCTTATATATTTA
TATTCCTATTTCACTATATTACTATATTACTATATTACTATATTCCTATTTGAC TATATGAC TATATTEL
TATTTGACTATATTACTATATTCCTATATTCCTATATTCCTATATTCCTATATTCCTATATTCCTATTTE
ACTATATGACTATATGTGTTTGTAGAGTATGTATGTATGCTTATTATTTATGT TATATAMATCTCTTAGT
GTTCCTATGTGTATAACTTCTATTATTTATGTICTTATTTTATTATTTTATTATT TTATTATGTTATTAT
GTTCTTATTTTAT TATCCATGCTATTATGTTCTTATTTTATTATCCTATTATGTTATTATGT TATTATGT
TLTTLTE;TTITT.I'I'TT'E.lTT.ETETEETT&'I’E'I"I'ETT&TETT&TTITIS.TTITTITGTT.HTT.ITG'I' TCTTAT

BAGTATAT TCAATATCATCATCCC ITACCTATTTE TACCGAT TG CTTGT TAGE TCAGT LA

C GETTCCGT GG TCAGTCOGE AGACERACEEL TOT TAALCGT TARGTCCT TEAT TCEATCCCAAGE GRAL
ST TTTTTTACTAT T LT TTTATCTAT T T TACTACTCTTTTCCTTATATTTCTATTTCTATTTCTATT
TETAT TTCC T T T AT A TTAAC TTATETATATATATATATATTATTCCTTCTTTAT TTCTATATTATGTA
TTTATTATCTACTTATAT TATATACTTATC AT TATATAT TACTTATATATTCCTTATATTACTTATATA
TTCCTTATATAT T T TATATAT TAGATAT AT AT TAGATATATATTCCTTAC TTATATCC TAGT TATATT
ATTTATAT TATAATCTAT T ATATTATGTAGATATACTCCTTATACTACTTATATTATATATETGTTTTA
TTATTTTCCTCCCT T T T T AT TAT TT T E AL TAC TEETTATC TEC TTTT T TAT TAAMAACGECCCCCG
TEGEGL TCEAM CCACGATCGOGOGET TAAGAGE CELGEGETL TACLGAL TGAGE T HGGANGGLATCACT
T T T TAC T T T T T T AT T I T T T T AT T T TAL TATATATC TATCTTATTCCTCTATATATTT
CTTAL T AT AT AL CTATCCTTATGTATATC T T TATCTATACTATATTATATATATTCTACTTTLTACTT
T T T TAC T TATGTOTATGTACACTTCTTCCCTTTTATATATATTATATATATCCTTTGACTACLT
ATTCTATATC TATE AL TTATOTALTTATGTAT T TATGTAC TTATGTATT TATGTAC TTATETATATCCE
CTTTCGATATATT T T T T TACT T AT ACCACCTETTTACTTATACTTATTTATATCCTTTATATT
CTTTTTACTTTTICTTC T T TATATTTCTTAT T T TATAT TTCTTCTTTATACCCTTTACGTCC TTTATGAL
TTTATGACCTTTATEACTTT TRAASS

d GLTTCCGTEEC TCAGTOGGLAGAGEGARCEGL TGT TAACLGT TARG TCCTTEGT TCEATCCCANGE GaAA
GCGTCTTTTTTACTAT TATTAT TAACCTTTATGE TACTATTATTATTATTATCATCTTATTCACTTATTA
TTATATTATT AT AT TATATTAT TATGTTCT T T T T T TATTCCCTTATTCCCTTATTETTTCTCTTTAGTAG
ATATAT T T TATAT T T TAT T T AT TTAT TAT AL TTATACATETATATATGTATATATCTTTTTATALT
T T A TAT T T AL T TAGTAT T T TACTTCCTATATCCTTATTAGATGTACCTACTTTATACTATTACLT
AT AT T T T T T AT T T T AT A T T A AT T TAT T T T TATAC TAT TETTATCCC TTTATALCT
TTATATTETTATACT T T AT AL T T T AT AL T T T TATACCTATAACCATTTATACCTTTATACCTTTATAL
CTTTATACCTT TATACTT TATACTATTTCCTCTTATACCACCTATTCTTAT TATAALAT LG CCOCLG
TEGGEE TCGAACCCACGACCGLGUGGT TARMGAGLCGCGLGLTE TACL BAL TGAGE T AGGARRGE TCACAG
ATTAT TAGTAT T T T T T T AGAC TAT AL TATATTTATATATATTTTTATATTTATTTALATTTTAT
TITATTAT TTATGT TTATT T TATATATGTAATGACTTATTATATTTATTCCTTITTATTTCTATATTTLT
TTATATAT TATATAT TACTTAT TACTTATTAC TTATTACTTATTTTATACCTATTATATATAGACTATCT
TTACTATACCTTATTCTTATTTTTTACTTT T TACTTTTTACTTTTTATTTC TTC TATGTATATATATATA
T AT T T TATG T TTTTTAT T T T AT GTATATATGTACTTATGTATATAT TTATATATTTA
TATATGTATATAT T AT ATATGTATATATGTATATATGTACCCTCTTATTATATTTATCCTATTATTALL
CTTCTTAT TAC T T TAT AR TTTATCCTAT TATTACCTATTEAACTTATGE TTATCATATTTACTTTAT

Fig. S1. Sequences of the RTCT (a & b) and NK1 (c & d) tRNA arrays of the EH species with accession nos.
BKO005654.1 (a) and BK005655.1 (c) and ED species with accession nos
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general primers generated by Ali et al' indicated
that only two arrays, e.g., RTCT and NK1, out of
the six arrays of STRs were successful in detecting
the disease in the respective subjects (Figures 1
& 2). Gradient PCRs for either array (e.g., RTCT
or NK1) were done in the present study to detect
the best PCR thermal conditions and avoid the
occurrence of false positives. The results indicated

that annealing temperature previously indicated by
Ali et al" is the best.
Analysis of STR markers with Entamoeba
general primers

The expected number and sizes of
amplicons to be generated by both types of markers,
either general or species-specific, are shown in
Table S1. For the general markers, numbers of three

Table 2. Detailed sociodemographic characteristics of the
infectedsubjects living in Jeddah, Saudi Arabia

Serial no. Sex Nationality Age (years old) Species  Overall numbers

1 Male Syrian 1-10 ED Gender

2 Saudi Male 19
3 Female 18
4 EH Age (years old)

5 Yamani 1-10 17
6 Saudi 11-20 1
7 Yamani 21-30 ED 21-30 7
8 EH 31-40 7
9 Saudi 41-50 3
10 Pakistani >50 2
11 Egyptian 31-40 ED Nationality

12 Saudi Saudi 22
13 Egyptian 5
14 Egyptian Yemeni 5
15 EH Pakistani 2
16 Saudi Other 3
17 Bangladesh 41-50 ED Infecting species

18 Saudi EH EH 22
19 >50 ED 12
20 Female Saudi 1-10 ED EH/ED 3
21

22 Yamani EH

23

24 Philippian

25 Saudi

26 ED

27 EH

28

29

30

31 11-20 ED

32 Pakistani 21-30 EH

33 Saudi

34

35 31-40 ED

36 Egyptian 41-50 EH

37 >50

Percentage of non-Saudi male subjects is 47.4% as compared to Saudi (52.6%)
Percentage of non-Saudi female subjects is 33.3% as compared to Saudi (66.7%)
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and six amplicons in RTCT array of EH (e.g., 678,
686,694 bp) and ED (e.g., 586, 686, 696, 702, 712,
728 bp), and numbers of two and one amplicons in
NK1 array of EH (e.g., 527, 598 bp) and ED (e.g.,
597 bp), respectively, were generated in Entamoeba
sp. strains available in the NCBI (https://blast.
ncbi.nlm.nih.gov/). This data scopes the light on
the divergence of Entamoeba sp. strains in the

M I 2 34 5 & 7 §F B 10 A1
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linked-tRNA STR arrays. As our subjects are from
different geographic backgrounds, we expected to
detect several new strains in the studied subjects.

Banding patterns of either marker in the
present study indicated the occurrence of several
common and specific amplicons (Figures 1 & 2).
We can simply explain the occurrence of specific
amplicons that indicate the existence of new strains

14 15 16 17 18 19 20 21 22 23

M 24 25 26 27 28 29 30 31 32 33

F e—

ey -
= — ==

= s s

S G e

34 35 36 37

.
=

Fig. 1. Amplicons generated from tRNA-linked STR of RTCT array with R-R5/R-R3 primers for subjects infected

with either Entamoeba species

6 7 % 9 30 H

12: 13 1415 16 17 I8 19 20 21 22 23

M 24 25 26 27 28

Fig. 2. Amplicons generated from tRNA-linked STR of NK1 array with N-K5/N-K3 primers for subjects infected
with either Entamoeba species. Sociodemographic characteristics details of different subjects are shown in Table 2.
M=100 bp ladder. Specific markers are indicated by the red arrows
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Table S1. Primer pairs generated to amplify short tandem repeats (STRs) regions of the tRNA arrays either in
Entamoeba genus (general primers, e.g., R-R5/R-R3, N-K5/N-K3) or in a given Entamoeba species

Erimarpalr R-R5/F-R2 (geraral) of RTET mrray

Segamnos (53 =gt
Forwand prlmer ASCATCAGCCTICTAAGCTSE a0
Fnarse primer CTTCCEAACTAAGCTAACAND 0

Froducts on tuget mmplatss: SH 5TE, 555, £34 by, ED (585, 55, §35, TUS, 71, TIE bl
=AYZATIH S 4 Ertammoane BstislyEon stwin PULADEEET mmmy wnlt [TCTlancodlng BRAA-Ag TOT gamamic
e ]

Terplets e, froaj
FTEC T 1 CTITIOCGRCTRRGC TRRCRRG I
Tezplots BTE cccccccccccccmae cmn= B3R

=AYEISTA S Entarmceing Risholyicn simin Rahmen amy it [RTCTlencoding FRMNAAGTOT gemomic Segusmncs
prpdnet  lamrgbi = ETE
Foareerd primae 1 RECRITCRGOCTICIRRGCIS T

Tezplots e Iz
1 CTITIOCER TR TRRCRR G IT
Terplets . - L8]

=AYE4ETY ] Entarmcene Rishiolyion simin MEE4-199 amy wnil [RTCTencoding RRA-ADTCT gemomic Seqmemnce
prodoct lsnghth = EBSE
Toreerd poimac 1 RECRTCRGOCTICI ARG CIG Iz

Terplets froaj
FTEC T CCRRCTRRGC TRRCRRG I
Tezplots BET

propdnet  lamrgbt = EBR

Tezplots e Iz
FarmcIs primss 1 CTITIOCSRCTRRGC TRRCRRS IO
Terplets B e e - BETS

SHOHESEET | Entarmosne dispar solate MH_SIR mR-mE Infegenic specer, pelal §aguence
pradoct lsnghkh = N5E
Forwerd primse 1 RECRTCRGOCTICTRRGICTG T

Terplets e, e
Farscas primmc 1 CTICCERCTERGC TRRCRR G  ID
Tezplots . SET

THQEESeE 4 Ertamiceine dispar solats M-_ZR smR-4mE Integenic spacer, parial aguencs
propdnet  lamrgbi = NEE
Foareend primac 1 RECRICRGOCTICTIRRGCTS X

Tezplots e Iz
FarmcIs primss 1 CTITIOCSRCTERGC TRRCRERS IO
Tezplets A T e aam - SBT

SAFSISIEY 1| Entarnosins disper IRMNA-AY gemes, perfal sequence
prodoct lsnghth = EBSE
Forwerd primse 1 RECRTCRGOCTICTRRGICTG I

Tezplets e, reag
FaTeECIe Roimac 1 CITOCGRCTERGC TRRCRRG IO
Tezplots -1 BET

=HCHZSATS | Entarmoene disper isolate MH_14R mR-tmR Integenic specer, peflal $esquemoe
poadoct lemghbsh = BRE
Foareend primac 1 RECRICRGOCTICTIRRGCTS X

Tezplots e Iz
FarmcIs primss 1 CTITIOCSRCTERGC TRRCRRG IO
Tezplets B e e - BETT

Tezplets e, reag
1 CTITIOCER TR TRRCRR G IT
Te=plets 5 EEX

=HCHZSAT0 | Entarmoene disper isolate MH_1IR mR-tmR Integenic specer, pefial $esquemoe
pratoct lsnghkh = TLI
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Farueod priosc 1 RECRTCRSOCTICTARGCTS T

Ta=plots e ol
Faracrs poimssr 1 CTTICOCSRCTRRGC TRRICRR S IO
Taspmlobs T T ]84

HEAESS00 1 Entemoesine disper isolate MH_IR mR-mR intergenic specer, porlal sequemnce
prods=t lsmgrbs = TIE
Tarwnrd poimec 1 RECRITCRGOCTICTRRGICIG ol

Tasplets e g
FaracTE 1 CITOCORRCTERG CTRRCRERS I
Ta=plots TIE ~eeccccccccccmaam == TR
Erimerpalr M-EKSM-H2 (general) of MEY sy

Bequence (53 Lemgth
Forwand peimer COANDOEGCTOTTANGTOTTA a0
Reverse pemer TTCCTAGCTCAGTCEE TAGA an

Prodincis on baget emplates: EH (527, 238 b, ED (597 )
-EROOSESS 1 TFRA- Enfamoesis hisiolyiica FRA-nooding sy ot BEC1
pradaoct lamghbh = 5FT

Foarewerd poimas 1 CERRCSECTRTIRRCCETIR fr

Ta=plots L g
Farmcaes primsc 1 TICCIRGCTI ARG TCGGIRGR I0
Tarplote L =y

-EROOSESE | TFA- Entamoesie hisiolyiics FRA-snooding amey onll M
prods=t lamgrbs = S0
Tarwnrd poimac 1 CRRRCSECTRTIARCC @TI R Iz

Tasplets . Rk
Farscrzs poimsc 1 TICCIRGCTCRG TOSGTIRGER I
Taplets - i U bl ]

AT
pradoct lsmghth = IFT
Forwered pedmae 1 CERRCGECIGTIRRCCGTIR X

Tarplots T F &
Rarecis primsc 1 TIOCTRGCTCAGICGETRAGR 0
Tarplets - e
ER4Z1344 1 Enfamceins dizpar siin SANTED IRMNA ey onlt MK genomic Seguence

pradaoct lamghbh = 58T
Foarewerd poimas 1 CERRCSECTSTIRRCCETIR ID

Ta=plots L LY
Fararzs primsr 1 0 TICCIRGCICAGT CGETRGE  Id
Tazpleks -1~ e BXX
FErimergalr RR-HSRR-HE (EH-sp=clic) of RTET array

Bmpmerice (520 L=rgih
Foryvand peimmer SOECCTTTTTATICAATATAC TCT 24
Feerss pimer SEATAAAGATATCTTCACASE S =
Frodechs on tagef emplates: EH @77, 455, 557, 565, 578, 551, 589, 597, 505 0E)
ERIZ 255 ] Enfammceaine hisholyfics simin LAIDH0Z FRMA, mmey onill 2TR R-R e 1 2RR gemomilc Sagmemos

pradoct lsmghkh = &TT
T 1 EOEOCTTITTIATICRRTATRCTIOC I&

Tazpleks i I

Farecas poimac 1 ERATERRSRTAT CTIT CRC R &5 g

Tasplets BTT i cceece ccm i mm = L.

FEF4Z1355 1 Erfarmomne Ristolyton stmin | 05T-081 B4, mmey onlt TR AR pe 1155 genomic seguence

pradoct lsoghkh = &TT
Forwered pedmae 1 ROCOCTITTIATICRARTIRIRCTOC Is

Tarplots T F 11
RaTECIe primsc 1 GEATERRGATAT CTTICRCRGGE I

Tarplets T LuE

R34 1 Enfammceios Ristoliyfica stmin Z54s0E9 IRMNA amay it 2TR R-R e 10RR gemomilc segmemos

pradoct lamghbh = 553
Tarwnrd poimac 1 EOEOCTITTIATICART ATIRICTIOC T&
Te=plots e I&
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but we found it difficult to explain the occurrence
of several common bands except that the two sets
of primers mismatch with regions other than the
two specified arrays in Entamoeba species or in
organisms other than Entamoeba that surely exist
in the fecal sample. Results of the RTCT array in
the present study indicated the existence of three
strain-specific markers in subjects 3 (>900 bp),
19 (~380 bp) and 24 (~400 bp). Amplicon sizes
of these possibly new strains match none of those
available in the NCBI link. The first two subjects
are Saudi aged 1-10 and >50 years old, while the
third is Philippian aged 1-10 years old (Figure 1).
Results of the NK1 array indicated the existence
of four strain-specific markers in subjects 6 (~1500
bp), 9 (~180bp), 11 (~50 bp) and 32 (~160 bp). The
first two subjects are Saudi aged 1-10 and 21-30
years old, while the third is Egyptian aged 31-40
years old and the forth is Pakistani aged 21-30 years
old (Figure 2).
Analysis of STR markers with Entamoeba
species-specific primers

For the species-specific markers in Table
S1, numbers of nine and six amplicons in RTCT
array of EH (e.g., 477, 485, 557,565,573, 581, 589,
597,605 bp) and ED (e.g., 272, 598, 614, 630, 634,
646 bp), respectively, were generated in Entamoeba
sp. strains available in the NCBI (https://blast.

ncbi.nlm.nih.gov/). Based on the studied tRNA-
linked STR of RTCT with species-specific primers
(e.g., EH or ED) in the present study, 14 out of all
subjects interestingly infected with symptomic
ED strain(s). This number represents ~38% of the
studied cases (Table 2).

Results of the RTCT array of EH-infected
subjects indicated the possible existence of two
strain-specific markers in subjects 18 (>180 bp)
and 24 (~400 bp) (Figure 3). The latter marker was
detected for the same subject (Philippian) using
general primer of the same array (Figure 1), while
the first marker was generated for a Saudi subject
aged 31-40 years old (Figure 3). Amplicon sizes
of these possibly new strains match none of the
nine EH strains available in the NCBI link. On the
other hand, results of RTCT array in ED-infected
subjects indicated the possible existence of as high
as 10 new strain-specific markers in eight subjects
(Figure 4). Marker sizes are 900 bp for subject 1,
200 bp for subject 2, 1300 bp for subject 3, 380 bp
for subject 11, 200 bp for subject 12, 1400 and 280
bp for subject 14, 350 bp for subject 20 and 100
and 120 bp for subject 26. Two of these subjects
are Egyptian (11 and 14), while one (1) is Syrian,
while the other six subjects are Saudi (Table 2). Six
of these markers are for subjects aged 1-10 years
old, while four markers are for subject aged 31-40
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years old (Figure 4). Markers of these possibly new
strains match none of those available in the NCBI
link, except for the marker sized ~280 bp of the
Egyptian subject 14 that matches the size of the
marker of ED isolate PRIR1 (272 bp) available in
the NCBI link.

It is likely to detect Entamoeba strains
with specific markers in Egyptian (four markers),
Syrian (one marker), Philippian (one marker),
and Pakistani (one marker) individuals, but this
is unlikely for Saudi individuals unless they
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were originally infected while they are abroad.
Egyptian individuals are strong candidate of
disease transmission to the Saudi habitat. Possible
new strain-specific markers frequently found for
subjects aged 1-10 years old across nationalities.
Overall data indicate the possible occurrence of
new strains in 14 out of the 37 subjects of which
10 of them are males (subjects 1, 2,3, 6,9, 11, 12,
14, 18, and 19), while four are females (subjects
20, 24, 26 and 32). This indicates that males are
higher transmitter of the new strains than female.

29° 30 32

33 34 36 37

G

A

N|SJY[S |[Y[8 [FPa]E] 8 ¥ [E] 5 Pa| 8§ E
Male Female
1-10 2130 [ 3140 I 4150 I =50 |

Fig. 3. Amplicons generated from tRNA-linked STRs with RR-H5/RR-H3 primers for subjects infected with EH.
Sociodemographic characteristics details of different subjects are shown in Table 2. G=Gender, A=age (in years),
N=Nationality, S=Saudi, E=Egyptian, Y=Yemeni, Pa=Pakistan, O=others. M=100 bp ladder. Specific markers are

indicated by the red arrows
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Fig. 4. Amplicons generated from tRNA-linked STRs with RR-D5/RR-D3 primers for subjects infected with ED.
Sociodemographic characteristics details of different subjects are shown in Table 2. G=Gender, A=age (in years),
N=Nationality, S=Saudi, E=Egyptian, Y=Yemeni, Pa=Pakistan, O=others. M=100 bp ladder. Specific markers are

indicated by the red arrows
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Analysis of the new approach of species
differentiation in Entamoeba

The new type of species-specific markers
was developed to overcome the complications of
the STR-based species differentiation method.
In addition, we speculate that primers used for
the tRNA-linked STR markers might mismatch

Res. Asia, Vol. 16(3), 491-508 (2019) 504

with organisms other than Entamoeba existing in
the fecal sample. However, we have followed an
approach that is not devoid the same assumption.
Therefore, we have developed five sets of primer
pairs utilizing our new approach in order to choose
the one that clearly matches with both Entamoeba
species with no other amplicon’s background.

ED
10,179 15,042 15,513 — 19503 18,774 25478
4 —}LENR
4863 bp 3991 bp 5704 bp 41,000
40,000 4921 bp 4117 bp 5732 bp
: = —LENQ
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) | / \ I L !
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Fig. 5. A model for the approach used in selecting contigs of the ED and EH genomes for generating the new type

of species-specific markers

Table 3. Contigs of EH and ED meeting the criteria of selecting contig pairs from
multiple sequence alignment of contigs of the two genomes using nucmer module
(part of mummer software)

Contig ~ Species  Contig accession no. Contig Diff. Similarity

pair no. length (bp) (bp) (%)

1 ED NW_001854967.1 13230 128 91.88
EH NW_001914891.1 13102

2 ED NW_001855840.1 12450 180 91.14
EH NW_001915091.1 12630

3 ED NW_001853623.1 3840 111 89.99
EH NW_001915426.1 3951

4 ED NW_001854085.1 5132 107 90.01
EH NW_001915137.1 5025

5 ED NW_001855238.1 3991 126 87.11
EH NW_001915012.1 4117
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In the new approach, genomes of EH and ED
were retrieved from NCBI
(https://www.ncbi.nlm.nih.gov/
genome/?term=entamoeba). Multiple contig
alignment of the two genomes was done using
NUCmer module (part of mummer 3.0 software,
http://mummer.sourceforge.net/). This module
is the most user-friendly alignment script for
standard DNA sequence alignment. It is used to
determine the position and orientation of a set of
sequence contigs in relation to a finished sequence.
The program is a three-step process comprising
maximal exact matching, match clustering, and
alignment extension. It searches the maximal
unique matches of a given length between the two
input sequences. Then, individual matches are

clustered into closely grouped sets and the non-
exact sequence between matches is aligned via a
modified Smith-Waterman algorithm.

Commands were made to recover a delta
file, which is converted to a coords file. The latter
is accessible by Excel (xIxs). As outputs of the
analysis, [S1] is the start of the alignment region,
while [E1] is the end of the alignment region in the
ED contig. [S2] is the start of the alignment region,
while [E2] is the end of the alignment region of
EH contig. [LEN 1] is the length of the alignment
region in the ED contig, while [LEN 2] is the length
of the alignment region in the EH contig. [% IDY]
is the percent identity of the alignment. [LEN R] is
the length of the ED contig, while [LEN Q] is the
length of the EH contig. [COV R] is the percent

Table 4. Primers designed based on contig pair analysis of EH and ED meeting the criteria
of selecting contig pairs from multiple contig alignment of the EH and ED genomes using
nucmer module (part of mummer software)

Contig Name Sequence Product size (bp)

pair no. ED EH

1 P1_HD-F AAAWCTTTCTTyrACTTCTTCTTCC 424 531
P1_HD-R TTTAGGTTTTTCAGTTGCCAATC

2 P2_HD-F CATTGACTTTCAGGAGGrAATTG 423 476
P2_HD-R YTGYTYTGCTTTTAAAGCATGG

3 P3_HD-F GCTACTTTCAGACACTTAACAAATC 491 552
P3_HD-R CCAAGAGAAATATGAACACATTTYC

4 P4 _HD-F TGCCATTCAATAYyCGTCTTTG 410 353
P4 HD-R AAATCCACAGTGATGAAATAACTTG

5 P5_HD-F TCCTCCTCAATTTGCTCAATC 217 262
P5_HD-R TGAATTTCCATTTGGTAATGAACT

M b2 3 4 5 & 7 B O 1) EF ¥2 43 14 1% k6 1% A8 190 20 21 22 23

b 2425 26 2T 28 29 30 31 32

33 34 35

36 37

Fig. 6. Amplicons generated from P5_HD-F/ P5_HD-R primers for subjects infected with either Entamoeba
species. Amplicons with 262 bp were generated from EH-infected subjects, while those with 217 bp were
generated from subjects with ED. Cases of the two amplicons indicate the coinfection of respectivesubjects
(e.g., 21, 28 and 35). Sociodemographic characteristics details of different subjects are shown in Tables 1 and 2.
M=100 bp ladder
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alignment coverage in the ED contig, while [COV
Q] is the percent alignment coverage in the EH
contig.

Table S2 indicates the contig pairs of
ED and EH ~90 bp difference and similarity
between aligned area of ~90% were selected in the
recovered Excel file. The selection criteria secures
that species-specific primers to be designed should
pair with both EH and ED contig sequences at
completely homologous regions of 200-500 bp of
both species except for the presence of indels that
result in the amplification of DNA fragments of
the two species with difference in sequence length.
Five candidate contig pairs of ED and EH were
found suitable for primer design in which each
primer pair can amplify different product sizes for
the two species (Table 3). Primers generated from
these five pairs of contigs are shown in Table 4. A
model of the alignment is shown in Table S3 and
described in Figure 5 of which two contigs of ED
(NW_001855238.1) and EH (NW_001915012.1)
showed three aligned regions with size differences
of 28, 58 and 126 bp. The region with the largest
difference, e.g., 126 bp, was selected for primer
design. In the model case, a difference of 45 bp
length was recovered between amplicons of the
two species (Table S3 & Figure 5).

Figure 6 indicates the amplicons generated
from P5 HD-F/ P5 HD-R primers for the 37
subjects. The figure indicates a single amplicon
for each subject referring to ED (217 bp) or EH
(262 bp) aligning with the results of the tRNA-
linked STR approach (Figures 3 & 4), except
for the three female subjects, e.g., 21, 27 and 35
where two amplicons referring to the two species
were generated. The latter results indicates the
coinfection with the two species in the three
subjects. This conclusion was not reached using the
tRNA-linked STR approach. We hypothesize that
if other species-specific primers following the new
approach were used, other species of Entamoaba
might be found as a coinfection. The new approach
has overcome the problem of primer mismatches
and the occurrence of non-specific priming that
could not be overcome utilizing the tRNA-linked
STR approach despite our efforts to adjust the
annealing temperatures. The major problem
with the non-specific priming is the inability to
recognize the right from the false products, thus,
cannot refer a certain amplicon with a certain size

to a certain species. The new approach is important
in resolving this problem at the species level, while
the tRNA-linked STR approach can still be a good
choice for strain differentiation.

DISCUSSION

Strain differentiation of EH and ED
are important in getting a better insights on the
mysterious virulence of this parasite. Ali et al"
indicated that symptomatic and asymptomatic
infections can be caused by genetically distinct
strains. The STR-based strain differentiation might
be a good approach in addressing unanswered
questions on virulence of the parasite. Ali et a/"
claimed that they were able to detect a unique
feature of these two species and eliminated the
potential problems caused by mixed infections or
cultures. However, BLAST analysis for the first
type of primers used in the present study indicates
similar-sized amplicons of EH and ED. The latter
conclusion indicates the possible confusion in
characterizing the parasite in case of coinfection.
Additionally, Feng et al'® detected seven different
genotypes in ED from eight samples by sequence
analysis of tRNA-linked short tandem repeats.
These different genotypes were found within
the same family. Therefore, we suggest that it is
important first to use a more accurate species-
specific markers way before studying strain
differentiation and parasitology. Ali et al' also
claimed that they were able to distinguish clearly
between the two species in fecal samples and
eliminate the need for culturing the parasite using
their approach. Our results indicated that the STR
approach failed to clearly prove the existence of
only one species in the studied samples as several
amplicons were recovered for the different primers
(either genus- or specific-primers) used with similar
sizes in both species. Our results did not eliminate
the possibility of coinfection in our samples.

There are several reports that address the
high degree of STR length polymorphism among
EH strains, even when the strains isolated from
a restricted geographic location''"', On top of
this, our results indicated the existence of several
amplicons that are common in subjects with diverse
genetic makeup, therefore, we do not eliminate
the possibility of having polymorphism in a given
STR of the same parasite. The latter observations
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makes the use of strain differentiation alone more
complicated and reject the claim of detecting
patterns of transmission of this important disease
and the epidemiological links between individual
infection via the use of STR approach. Ghosh et al"
reported the occurrence of recombinational loss of
aribosomal DNA unit from the circular episome of
Entamoeba histolytica HM-1:IMSS. Consequently,
there is a possibility that recombinational gain
can take place in circular episomes or in circular
structures of tRNA as we claim. Investigations
of EH genotypes in South Africa'® and Vietnam®
indicated similar STR patterns over the course
of the same infection. These results are not
controversy to ours as these patterns can still
hold the possibility of having polymorphism
not only among different STRs, but also within
a given STR. This phenomenon is similar to the
phenomenon of heteroplasmy in mitochondrial
genomes. We hypothesize that if other species-
specific primers following the new approach were
used, other species of Entamoaba might be found
as a coinfection. Finally, our results recommend the
use of the new approach in species differentiation,
while use tRNA-linked STR approach in strain
differentiation.
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