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Abstract

Trypanosoma evansi, a blood protozoan parasite of high economic importance, has a wide prevalence in the vertebrates in many

tropical countries including India. The parasite is transmitted by the hematophagous flies and causes a chronic debilitating disease

‘Surra’ in domestic livestock. Development of a protective vaccine has not yet been possible due to the ability of the parasite to evade

the host’s immune response by periodically changing its surface glycoproteins. The Paraflagellar Rod 1 (PFR1) gene codes for a major

flagellar constituent PFR1 protein of T. evansi. We report here a specifically targeted editing of the T. evansi PFR1 gene by the CRISPR

Cas9 tool. We combined the single guide RNA (sgRNA) and recombinant Cas9 protein in-vitro to form a ribonucleoprotein complex

(RNP) for transfecting T. evansi and the induced mutation in the coding sequence of PFR1 was assessed by T7E1 endonuclease assay.

The CRISPR-Cas9-mediated PFR1 gene-edited parasites had a significantly shorter lifespan in vitro.
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Introduction

Trypanosoma evansi belongs to the Phylum Sarcomastigophora
and are plasma and tissue fluid-dwelling parasite of mammals.

T evansi has an extensive prevalence in Africa, South Asia, parts

of Europe, and South America, however, there is no record of
the infection from Oceania, Central and North America [1,2].
Among the vector-borne haemoparasitic infections of livestock,
the occurrence of surra is significantly high in India [3,4]. The
blood-sucking Dipteran flies, such as Tabanus, and Stomoxys,
transmit the infection while feeding on the host. The vampire bats
(Desmodus rotundus) have been associated with transmission of
the haemoparasite in South America [2]. In some sporadic cases,
infection may be transmitted per os in the carnivores while feeding

on an infected fresh carcass [5-7]. The bloodstream trypomastigote
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form is a slender leaf-like unicellular organism and carries a
filamentous flagellum, which originates from the blepharoplast
posterior to the nucleus. The flagellum remains attached to the
cell surface by an undulating membrane before emerging from the

anterior tip of the organism.

Unlike other African animal trypanosomes, T evansi is least
host-specific and is capable of infecting both wild and domestic
ruminants and carnivores [8,9]. The pathogenic outcome of the
infection largely depends on the species of host infected. The
infection is acute and highly pathogenic for camels, equines, and
canines, but usually occurs in a chronic form in ruminants including
cattle, buffaloes, sheep, and goats. Although a few infections with T.
evansi have been reported in humans from India and elsewhere,
such incidences are rare [10]. The clinical signs of the infection are
non-specific. Intermittent fever, anorexia, anemia, cachexia, nasal
and ocular bleeding, and stiffness of the legs are associated with
the infection; abortion, neuropathy, and immunosuppression are
also reported [11]. World Organization for Animal Health declared
surra as a notifiable multispecies animal disease in 2009 [12]. The
extensive morbidity and mortality associated with surra inflict an
economic loss, to the tune of INR 44740 million per annum in India
[13].

The development of a protective vaccine is challenging due
to the evolutionary advantage of the trypanosomes to survive in
the immunologically hostile environment in the host by changing
its surface glycoprotein coat [13-15]. The major Paraflagellar
Rod (PFR) proteins PFR1 and PFR2 (70-80 KDa and 68-72 KDa,
respectively) are unique in kinetoplastid parasites [16-21] and
have been targeted for the development of a protective vaccine
and drugs [22-24]. One or more rounds of the selection process for
the production of null mutants or transgenics made gene-editing
cumbersome in trypanosomes during the pre-CRISPR era. CRISPR
has made gene editing a routine laboratory experiment and
showed promising results in T. cruzi [25,26] and T brucei [27]. The
simplicity of the technique has made it an easy-to-handle tool for
understanding the biology and function of many genes and thereby
facilitated the identification of better diagnostic or prophylactic
targets. Lander et al. (2015) successfully knocked out the T cruzi
PFR1 and PFR2 by CRISPR-Cas9 to study the function of the
proteins [28]. Recently the CRISPR-Cas tool has been used for the

endogenous gene tagging in T cruzi and for the localization of PFR2
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and PFR5 proteins and their visualization by immunofluorescence
[29]. Sollellis., et al. (2015) first reported the disruption of the
PFR2 locus of Leishmania major using CRISPR-Cas technology
[30]. However, given the absence of any study on the disruption
of the PFR gene in T evansi, we undertook the present experiment.
We report here the CRISPR-Cas mediated genetic manipulation
of T evansi for a better understanding of the biology of the gene-

depleted parasite.

Materials and Methods
Parasites

A horse isolate of T evansi, cryopreserved in liquid nitrogen,
was revived and propagated in vivo in the inbred strain of Swiss

albino mice by serial passage [31,32].

Selection of Guide RNA sequence and Designing of Forward

primer for in vitro transcription

The coding sequence of the PFR1 gene of T evansi, Izatnagar
isolate was retrieved from the database (GenBank Accession #
FJ968743.1) to determine the nucleotide sequence of the guide
RNA using CRISPOR online guide RNA designing tool (http://
crispor.tefornet/). Three guide sequences were selected after
evaluation of the on-target and off-target scores and were used
for designing the primers for template preparation for the in vitro

transcription reaction (Table 1).

Size
(bp)
1 Primer 1 58

Sl Primer

Nucleotide Sequence
No. name

CCTCTAATACGACTCACTATAGGC-
GCGAAGGTTGAAAAGGTTG GTTTA-
AGAGCTATGC

CCTCTAATACGACTCACTATAGGATG-
CAACACAGTTGGCGC GTTTAAGAGC-
TATGC

CCTCTAATACGACTCACTATAGGA-
CAGACATTGAAGCAAGTGGGTTTA-
AGAGCTATGC

2 Primer 2 56

3 Primer 3 58

Table 1: Primers used for template preparation for in vitro tran-
scription. The target guide sequence of the PFR1 gene is repre-

sented in bold letters.
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PCR amplification of sgRNA template

The DNA template that encodes the guide sequence and T7
promoter was generated by PCR. The reaction was performed in
25pL volume in a 0.2mL PCR tube containing 12.5pL PrimeStar Mx
Premix (2X) (Takara Bio), 1uL Guide-it Scaffold Template and 0.5puL
self-designed primer (10uM). The volume was made up to 25 pL
with Nuclease Free Water (NFW). The thermal cycles of the PCR
were set to 98°C for 10 sec and 68°C for 10 sec followed by steps 1

and 2 for 33 cycles and 4°C forever.

In vitro transcription reaction

The reaction was performed in a 20pL reaction volume in a
0.2mL PCR tube. The reaction mixture contained 5uL sgRNA PCR
template, 7uL Guide-it in vitro transcription buffer, and 3uL Guide-
it T7 polymerase mix. The volume was made up to 20uL. by NFW.
The reaction mixture was incubated at 37°C for 4 hrs and left at
4°C. Two microliters of recombinant DNase I (RNase free) were
added to the 20puL reaction mixture and mixed by brief vortexing
and spinning. The reaction was performed on a thermal cycler with
a preheated lid at 37°C for 15min and left at 4°C. The transcribed
single guide RNA was purified using the TAKARA Guide-it [IVT RNA
Clean-Up Kit and its efficiency was analysed using the TAKARA
Guide-it sgRNA screening kit.

Transfection of Trypanosoma evansi

Purified live T evansi were transfected by electroporation.
Cas9 (10pg) and sgRNA (6pg) were incubated at 25°C for 10min
and transferred to 100uL cytomix buffer pH 7.6. A total of 2 x 10°
trypanosomes were suspended in 700uL chilled cytomix buffer.
The ribonucleotide protein complex and T evansi suspension
were transferred to a 4mm prechilled electroporation cuvette. The
electroporation was done at 2.0 kV, 50 Ohm resistance, and 25puF

capacitance for 0.4ms in an electroporator (BTX Gemini, USA).

In vitro culture of transfected Trypanosoma evansi

The in vitro culture of the transfected parasites was set up in a
24-well tissue culture plate (SPL, South Korea) filled with HMI-9M
medium at seeding densities of 1x10%-10° cells mL?* medium. The
plates were incubated for 72 hours in a 5% CO, atmosphere at 37°C
(Eppendorf, New Brunswick, Germany). The growth and viability
of the parasites were monitored at 24-hour intervals under an
inverted microscope (Nikon, Japan). The medium was replenished

and the parasites were sub-cultured every 24h [33].
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T7E1 assay

The T7E1 assay was performed for the detection of genomic
cleavage (Figure 1). The genomic DNA was isolated from the
transfected T evansi cultured in vitro using a commercial DNA
extraction kit (Qiagen DNeasy Blood and Tissue Kit). The
concentration of the dsDNA was determined using a nanodrop

spectrophotometer (Nabi MicroDigital, South Korea).
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Figure 1: Protocol showing the transfection of RNP complex
into Trypanosoma evansi. The image was created using

Biorender.com.

The reaction was performed in 50puL volume. The reaction mix
was composed of Cell lysate 2pL, 10uM forward primer 1puL, 10uM
reverse primer 1pL (Table 2), and Dream Taq Master mix 25uL. The
volume was made up to 50puL using NFW. The thermal conditions
were set to 98°C for 30sec followed by 40 cycles of 55°C for 30sec,
72°C for 30sec, and 72°C for 7min. The product was left at 4°C. The
PCR product was checked by electrophoresis on a 2% agarose gel
at low voltage alongside a DNA ladder before storing at -20°C until
further use. The PCR product was purified using a PCR purification
kit (QIAquick, Qiagen).

Two microliters of the PCR product were mixed with 10X NEB
buffer in a PCR tube and the volume was adjusted to 9uL with NFW
and flash spun for a few seconds. The reaction mix was placed in

a thermal cycler with a preheated lid and incubated at 95°C for
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Primer name Size (bp) Sequence

T7E1 SET 1 FORWARD 22 TGCATGTATCTGACTGGAGCGA
T7E1 SET 1 REVERSE 20 ATGCATCGCAACGTTCTGGA
T7E1 SET 2 FORWARD 24 GACGCGTGTTGTGAGCTTCACGCA
T7E1 SET 2 REVERSE 24 TGCTTCAGGCGACGCT1TCGCATCC

Table 2: The nucleotide sequence and length of the primers used for the T7E1 assay.

5 minutes. Subsequently, 1uL of detection enzyme was added to
the test sample, while NFW was used in the negative control. The
tube was incubated at 37°C for 1h. The entire 10puL sample was
electrophoresed on 2% agarose gel for 30 minutes at low voltage

and visualized on a gel documentation system.

Results and Discussion
In vitro culture of Trypanosoma evansi

The wet blood films, prepared from the tail bleeds of the mice,
showed increasing parasitemia post-inoculation. At the height of
the parasitemia between days 4 to 5 post-inoculation, about 1.5
ml of blood was collected aseptically from the heart of the mice
anesthetized using chloroform. The purified host blood cell-free
trypanosomes, obtained by DEAE cellulose chromatography, were
propagated in vitro in an HMI-9M medium supplemented with 3%
methylcellulose [34-36]. The yield of the parasite varied between 3
x 107 and 1.6 x 108 parasites per ml.

The 56-58 nt forward primer along with the Guide-itTM scaffold
template containing an inbuilt reverse primer amplified a 130
bp product from the sgRNA template. The sgRNA template was
used to transcribe the sgRNA and was purified using the Guide-
itTM RNA Clean-Up Kit following the manufacturer’s protocol.
The efficacy of the sgRNA was screened using a Guide-it sgRNA
screening kit. Out of the three guide RNAs tested, only the sgRNA
1 (5-CGCGAAGGTTGAAAAGGTTG-3’) yielded the cleaved band

suggesting its suitability for in vivo experimentation.

Targeted modification of PFR 1 gene using RNP complex

The number of the transfected parasites increased in the HMI-
9M medium and their motility was maintained during the first 72
hours. From 72 h onwards the parasites showed reduced motility

that eventually ceased. The parasites were isolated from the

medium after 72 h and the genomic DNA was extracted to assess

the mutation by T7E1 assay.

T7E1 Cleavage assay

The T7E1 assay showed the cleaved bands indicating a positive
manipulation (Figure 2). A specific primer-directed PCR amplified
a 509 bp product from the 1770 bp target sequence. This amplified
product was used in the T7E1 cleavage assay. The cleaved band
fragments were located at positions approx. 390bp and 119bp
suggesting the successful endonuclease-mediated fragmentation

at the desired position inducing mutation.

Figure 2: Gel image showing the T7E1 product. Lane M: 100 bp
ladder, Lane 1: T7E1 cleaved product.
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Conclusion

Several approaches for genetic manipulation have been
undertaken since the beginning of the present century for a better
understanding of the biology and evolution of Trypanosoma species.
Stable and efficient inhibition of the expression or translation of
some T brucei genes was achieved by RNA interference (RNAi),
however, the laborious protocol rendered the technology less
appealing [37,38]. Targeting a gene precisely by single-guide
RNA (sgRNA) following an efficient Cas9 nuclease-mediated
cleavage made the CRISPR-Cas technology an impressive tool for
genome editing. The error-prone repair mechanism associated
with the double-stranded break (DSB) provided opportunities for
manipulation and disruption of the target locus. There are reports
of CRISPR-Cas9-mediated gene disruption in T cruzi [39,40],

Leishmania major [30], and Leishmania donovani [41].

We have successfully edited the T evansi PFR1 gene using the
CRISPR-Cas9 technique. As the constitutive expression of Cas9
causes toxicity to the cells, we used the ribonucleoprotein complex
(RNP) strategy. The guide RNA was in vitro transcribed and mixed
with Cas9 to form an RNP and the complex was delivered into the
T evansi cells by electroporation to avoid the transient expression
of Cas9-related toxicity. The approach ensured the functional
manipulation of the PFR1 gene using MME]-mediated deletion.
DNA repair by a non-homologous end-joining (NHE]) mechanism is
absent in the trypanosomatids [40]. In the absence of a donor DNA
strand the repair occurs through an alternative pathway known
as micro-homology mediated end joining (MME]) [39,42], while
in the presence of a donor DNA, homology-directed repair (HDR)
pathway is active [41]. Compared to the conventional gene-editing
mechanism, CRISPR technology has enabled targeted knockdown,
knock-in, gene complementation, and endogenous tagging of
multicopy gene families [43,44]. The CRISPR technology is easy to
perform and helps achieve a precise, and efficient gene mutation
[45]. For the detection of mismatches in the sequences, we used
the T7E1 assay as it is widely used as a preferred evaluation tool for
site-specific nuclease activity in experiments involving the CRISPR-
Cas9 system. The presence of the cleaved bands in T7E1 indicated
specific editing using the SpCas9-RNP complex approach. However,
we do not claim an editing efficiency of 100%. In the absence of a
positive marker, we were not able to isolate the positive mutants.

However, the positive mutants, generated by the experiments, were
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not viable beyond 96h in the in vitro culture medium. We presume
that the manipulation of the PFR1 gene might have a role in the

reduced viability of the mutated parasites in vitro.

The CRISPR-Cas9 technique allowed manipulation of the
PFR1 gene in a short period avoiding molecular cloning and drug
selection procedures. The selection of guide RNA was the most
important step in the protocol as 100% editing of the target
gene depended on the appropriate selection of guide RNA. This
approach further saved the time involved in the construction
of plasmids and the isolation of mutants by drug selection. The
technique had the added advantage of simultaneous multiple gene
editing. The guide RNA sequences were identified in silico using the
online guide RNA design tools (CRISPOR, EuPaGDT, etc) and the
best sequence was selected after analyzing the off-target effects
and other required parameters [46]. The 20 bp guide sequence was
constructed upstream of the Protospacer adjacent motif (PAM), a
short 2-6 bp base pair DNA sequence immediately following the
targeted DNA sequence at 3’end. Recombinant purified ready-to-
use SpCas9 protein was used for the present study along with the
20 bp gRNA sequence upstream of the PAM sequence (5’-NGG-
3’) [47]. Identification and isolation of the transformants soon
after electroporation may be achieved using the marker-tagged
Cas9 protein. The rapid editing using the spCas9-RNP complex is
useful for studying the gene function and may further help in the

discovery of novel diagnostic or prophylactic tools.

Acknowledgements

The authors acknowledge the Director, ICAR-Indian Veterinary

Research Institute, Izatnagar for providing the facilities.

Conflict of Interest

The authors declare no conflict of interest.

Bibliography

1. Dobson R],, et al. “Models for Trypanosoma evansi (surra), its
control and economic impact on small-hold livestock owners
in the Philippines”. International Journal of Parasitology 39
(2009): 1115-1123.

2. Aregawi Weldegebrial G., et al. “Systematic review and meta-
analysis on the global distribution, host range, and prevalence
of Trypanosoma evansi”. Parasites and Vectors 12 (2019): 1-25.

Citation: Anup Kumar Tewari, et al. “CRISPR-Cas9 Mediated Paraflagellar rod 1 Gene Editing in Trypanosoma Evansi". Acta Scientific Veterinary Sciences

7.2 (2025): 33-39.


https://pubmed.ncbi.nlm.nih.gov/19272392/
https://pubmed.ncbi.nlm.nih.gov/19272392/
https://pubmed.ncbi.nlm.nih.gov/19272392/
https://pubmed.ncbi.nlm.nih.gov/19272392/
https://pubmed.ncbi.nlm.nih.gov/30704516/
https://pubmed.ncbi.nlm.nih.gov/30704516/
https://pubmed.ncbi.nlm.nih.gov/30704516/

CRISPR-Cas9 Mediated Paraflagellar rod 1 Gene Editing in Trypanosoma Evansi

10.

11.

12.

13.

14.

Singh, Harkirat., et al. “Seroprevalence of babesiosis in cattle
and buffaloes by indirect fluorescent antibody test”. Journal of
Veterinary Parasitology 21.1 (2007): 1-4.

Kundu Krishnendu., et al. “Sero-surveillance for surra in cattle
using native surface glycoprotein antigen from Trypanosoma
evansi”. Veterinary Parasitology 196.3-4 (2013): 258-264.

Hoare Cecil A. “Morphological and taxonomic studies on
mammalian trypanosomes. X. Revision of the systematics”.
The Journal of Protozoology 11.2 (1964): 200-207.

Raina AK, et al. “Oral transmission of Trypanosoma evansi
infection in dogs and mice”. Veterinary Parasitology 18.1
(1985): 67-69.

Desquesnes M., et al. “Trypanosoma evansi and surra: a review
and perspectives on origin, history, distribution, taxonomy,
morphology, hosts, and pathogenic effects”. Biomed Research
International (2013): 194176.

Sudhakar NR,, et al. “Seroprevalence of Trypanosoma evansi in
cattle of Karnataka”. Indian Journal of Veterinary Medicine 34.2
(2014): 106-110.

Sudan, Vikrant AK Tewari and Harkirat Singh. “A native whole
cell lysate antigen (WCLA) based ELISA for the sero-detection
of surra in Indian cattle”. The Indian journal of Animal
Sciences 85.6 (2015): 601-603.

Holland WG, et al. “The effect of Trypanosoma evansi infection
on pig performance and vaccination against classical swine
fever”. Veterinary Parasitology 111.2-3 (2003): 115-123.

Namangala Boniface and Steven Odongo. “Animal African
trypanosomosis in sub-Saharan Africa and beyond African
borders”. Trypanosomes and trypanosomiasis. Vienna: Springer
Vienna, 2013. 239-260.

OIE (World Organization for Animal Health). OIE Listed
diseases, infections and infestations in force in (2018).

Kundu K, et al. “Existence of genetic variability among Indian
isolates of Trypanosoma evansi”. The Indian Journal of Animal
Sciences 80.1 (2010): 3-6.

Tewari, Anup Kumar, et al. “Protective antibody and cytokine
responses in mice following immunization with recombinant
beta-tubulin and subsequent Trypanosoma evansi challenge”.
Parasites and Vectors 8 (2015): 1-8.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

38
Jawalagatti V., et al. “Expression kinetics of cytokines and the
humoral antibody response concerning short-term protection
induced by radiation-attenuated Trypanosoma evansi in
bovine calves”. Vaccine 41 (2023): 1668-1678.

Deflorin Judith., et al “The major components of the
paraflagellar rod of Trypanosoma brucei are two similar, but
distinct proteins which are encoded by two different gene loci”.
Journal of Biological Chemistry 269.46 (1994): 28745-28751.

Maharana BR. et al. “Isolation and characterization of
paraflagellar rod protein gene (Pfrl) in Trypanosoma evansi
and its conservation among other kinetoplastid parasites”.
Indian Journal of Animal Research 45.4 (2011b): 283-288.

Maharana BR, et al. “Cloning and expression of paraflagellar
ROD protein 2 (PFR2) gene of Trypanosoma evansi”. Journal of
Veterinary Parasitology 25.2 (2011a): 118-123.

Maharana Biswa Ranjan, et al “Evaluation of the
immunoprotective potential of recombinant paraflagellar rod
proteins of Trypanosoma evansi in mice”. Vaccines 8.1 (2020):
84. .

Maharana BR., et al “Molecular characterization of
paraflagellar rod protein gene (PFR) of Trypanosoma evansi’”.

Journal of Applied Animal Research 42.1 (2014): 1-5.

MaharanaBR,, etal. “An overview on kinetoplastid paraflagellar
rod”. Journal of Parasitic Diseases 39 (2015): 589-595.

Hunger-Glaser, et al. “Deletion of the genes for the paraflagellar
rod protein PFR-A in Trypanosoma brucei is probably lethal”.
Molecular and Biochemical Parasitology (1997): 347-351.

Bastin Philippe., etal “Paraflagellarrodis vital for trypanosome
motility”. Nature 391.6667 (1998): 548-548.

Abdille MdH,, et al. “Evidence for the existence of paraflagellar
rod protein 2 (PFR2) gene in Trypanosoma evansi and
its conservation among other kinetoplastid parasites”.
Experimental Parasitology 118.4 (2008): 614-618.

Lander Noelia., et al “Calcium-sensitive
dehydrogenase phosphatase is required energy
metabolism, growth, differentiation, and infectivity of
Trypanosoma cruzi”. Journal of Biological Chemistry 293.45

(2018):17402-17417.

pyruvate
for

Hakimi Hassan,, et al. “Genome editing of Babesia bovis using
the CRISPR/Cas9 system”. MSphere 4.3 (2019): 10-1128.

Citation: Anup Kumar Tewari, et al. “CRISPR-Cas9 Mediated Paraflagellar rod 1 Gene Editing in Trypanosoma Evansi". Acta Scientific Veterinary Sciences
7.2 (2025): 33-39.


https://www.researchgate.net/publication/259357147_Seroprevalence_of_babesiosis_in_cattle_and_buffaloes_by_indirect_fluorescent_antibody_test
https://www.researchgate.net/publication/259357147_Seroprevalence_of_babesiosis_in_cattle_and_buffaloes_by_indirect_fluorescent_antibody_test
https://www.researchgate.net/publication/259357147_Seroprevalence_of_babesiosis_in_cattle_and_buffaloes_by_indirect_fluorescent_antibody_test
https://pubmed.ncbi.nlm.nih.gov/23648283/
https://pubmed.ncbi.nlm.nih.gov/23648283/
https://pubmed.ncbi.nlm.nih.gov/23648283/
https://pubmed.ncbi.nlm.nih.gov/14179743/
https://pubmed.ncbi.nlm.nih.gov/14179743/
https://pubmed.ncbi.nlm.nih.gov/14179743/
https://pubmed.ncbi.nlm.nih.gov/4049728/
https://pubmed.ncbi.nlm.nih.gov/4049728/
https://pubmed.ncbi.nlm.nih.gov/4049728/
https://pubmed.ncbi.nlm.nih.gov/24024184/
https://pubmed.ncbi.nlm.nih.gov/24024184/
https://pubmed.ncbi.nlm.nih.gov/24024184/
https://pubmed.ncbi.nlm.nih.gov/24024184/
https://epubs.icar.org.in/index.php/IJAnS/article/view/49299
https://epubs.icar.org.in/index.php/IJAnS/article/view/49299
https://epubs.icar.org.in/index.php/IJAnS/article/view/49299
https://epubs.icar.org.in/index.php/IJAnS/article/view/49299
https://pubmed.ncbi.nlm.nih.gov/12531288/
https://pubmed.ncbi.nlm.nih.gov/12531288/
https://pubmed.ncbi.nlm.nih.gov/12531288/
https://link.springer.com/chapter/10.1007/978-3-7091-1556-5_10
https://link.springer.com/chapter/10.1007/978-3-7091-1556-5_10
https://link.springer.com/chapter/10.1007/978-3-7091-1556-5_10
https://link.springer.com/chapter/10.1007/978-3-7091-1556-5_10
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahc/current/chapitre_oie_listed_disease.pdf
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahc/current/chapitre_oie_listed_disease.pdf
https://epubs.icar.org.in/index.php/IJAnS/article/view/2717
https://epubs.icar.org.in/index.php/IJAnS/article/view/2717
https://epubs.icar.org.in/index.php/IJAnS/article/view/2717
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-015-1189-3
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-015-1189-3
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-015-1189-3
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-015-1189-3
https://pubmed.ncbi.nlm.nih.gov/36746738/
https://pubmed.ncbi.nlm.nih.gov/36746738/
https://pubmed.ncbi.nlm.nih.gov/36746738/
https://pubmed.ncbi.nlm.nih.gov/36746738/
https://www.researchgate.net/publication/259357483_Isolation_and_characterisation_of_paraflagellar_rod_protein_gene_Pfrl_in_Trypanosoma_evansi_and_its_conservation_among_other_kinetoplastid_parasites
https://www.researchgate.net/publication/259357483_Isolation_and_characterisation_of_paraflagellar_rod_protein_gene_Pfrl_in_Trypanosoma_evansi_and_its_conservation_among_other_kinetoplastid_parasites
https://www.researchgate.net/publication/259357483_Isolation_and_characterisation_of_paraflagellar_rod_protein_gene_Pfrl_in_Trypanosoma_evansi_and_its_conservation_among_other_kinetoplastid_parasites
https://www.researchgate.net/publication/259357483_Isolation_and_characterisation_of_paraflagellar_rod_protein_gene_Pfrl_in_Trypanosoma_evansi_and_its_conservation_among_other_kinetoplastid_parasites
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20193164063
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20193164063
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20193164063
https://pmc.ncbi.nlm.nih.gov/articles/PMC7157580/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7157580/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7157580/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7157580/
https://www.tandfonline.com/doi/full/10.1080/09712119.2013.795894
https://www.tandfonline.com/doi/full/10.1080/09712119.2013.795894
https://www.tandfonline.com/doi/full/10.1080/09712119.2013.795894
https://pubmed.ncbi.nlm.nih.gov/26688619/
https://pubmed.ncbi.nlm.nih.gov/26688619/
https://pubmed.ncbi.nlm.nih.gov/9497059/
https://pubmed.ncbi.nlm.nih.gov/9497059/
https://pubmed.ncbi.nlm.nih.gov/9497059/
https://pubmed.ncbi.nlm.nih.gov/9468133/
https://pubmed.ncbi.nlm.nih.gov/9468133/
https://pubmed.ncbi.nlm.nih.gov/18179792/
https://pubmed.ncbi.nlm.nih.gov/18179792/
https://pubmed.ncbi.nlm.nih.gov/18179792/
https://pubmed.ncbi.nlm.nih.gov/18179792/
https://pubmed.ncbi.nlm.nih.gov/30232153/
https://pubmed.ncbi.nlm.nih.gov/30232153/
https://pubmed.ncbi.nlm.nih.gov/30232153/
https://pubmed.ncbi.nlm.nih.gov/30232153/
https://pubmed.ncbi.nlm.nih.gov/30232153/
https://pubmed.ncbi.nlm.nih.gov/31189559/
https://pubmed.ncbi.nlm.nih.gov/31189559/

CRISPR-Cas9 Mediated Paraflagellar rod 1 Gene Editing in Trypanosoma Evansi

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Rico Eva, et al “Inducible high-efficiency CRISPR-Cas9-
targeted gene editing and precision base editing in African
trypanosomes”. Scientific Reports 8.1 (2018): 7960.

Lander Noelia., et al. “CRISPR/Cas9-induced disruption of
paraflagellar rod protein 1 and 2 genes in Trypanosoma cruzi
reveals their role in flagellar attachment”. MBio 6.4 (2015): 10-
1128.

Bryant Naomi. “Endogenous Gene Tagging of pfr2 and pfr5
in Trypanosoma cruzi Using CRISPR/Cas9”. Biology, Medicine
(2019).

Sollelis Lauriane., “First efficilent CRISPR-C as9-
mediated genome editing in Leishmania parasites”. Cellular
Microbiology 17.10 (2015): 1405-1412.

et al

Lanham Sheila M and DG Godfrey. “Isolation of salivarian
trypanosomes from man and other mammals using DEAE-
cellulose”. Experimental Parasitology 28.3 (1970): 521-534.

Lumsden WH. “Techniques with trypanosomes. Edinburgh
and London”. Churchill Livingstone Publishers 183 (1973).

Cross GAM and JC Manning. “Cultivation of Trypanosoma brucei
sspp. in semi-defined and defined media”. Parasitology 67.3
(1973): 315-331.

Srivastava RVN.,, et al. “Separation of Trypanosoma evansi
through diethyl amino ethyl cellulose columns”. journal of
Veterinary Parasitology (1988): 67-69.

Hirumi H and K Hirumi. “In vitro cultivation of Trypanosoma
congolense bloodstream forms in the absence of feeder cell
layers”. Parasitology 102.2 (1991): 225-236.

Hirumi H., et al. “African trypanosomes: cultivation of animal-
infective Trypanosoma brucei in vitro”. Science 196.4293
(1977): 992-994.

Kolev Nikolay G. et al “RNA interference in protozoan
parasites: achievements and challenges”. Eukaryotic Cell 10.9
(2011): 1156-1163.

Alsford Sam., et al “High-throughput phenotyping using
parallel sequencing of RNA interference targets in the African
trypanosome”. Genome Research 21.6 (2011): 915-924.

Peng Duo and Rick Tarleton. “EuPaGDT: a web tool tailored
to design CRISPR guide RNAs for eukaryotic pathogens”.
Microbial Genomics 1.4 (2015): e000033.

40.

41.

42.

43.

44,

45.

46.

47.

39
Lander Noelia., et al. “Genome editing by CRISPR/Cas9: a
game change in the genetic manipulation of protists”. Journal
of Eukaryotic Microbiology 63.5 (2016): 679-690.

Zhang Wen-Wei and Greg Matlashewski. “CRISPR-Cas9-
mediated genome editing in Leishmania donovani”. MBio 6.4
(2015): 10-1128.

Glover Lucy, et al. “Sequence homology and microhomology
dominate chromosomal double-strand break repair in African
trypanosomes”. Nucleic Acids Research 36.8 (2008): 2608-
2618.

Doudna Jennifer A and Emmanuelle Charpentier. “The
new frontier of genome engineering with CRISPR-Cas9”.
Science 346.6213 (2014): 1258096.

Zhang Wen-Wei., et al “Optimized CRISPR-Cas9 genome
editing for Leishmania and its use to target a multigene family,
induce chromosomal translocation, and study DNA break
repair mechanisms”. MSphere 2.1 (2017): 10-1128.

Docampo Roberto. “Molecular parasitology in the 21 century”.
Essays in Biochemistry 51 (2011): 1-13.

Aurrecoechea Cristina.,, et al “EuPathDB: the eukaryotic
pathogen genomics database resource”. Nucleic Acids
Research 45.D1 (2017): D581-D591.

Heler Robert., et al. “Cas9 specifies functional viral targets
during CRISPR-Cas adaptation”. Nature 519.7542 (2015): 199-
202.

Citation: Anup Kumar Tewari, et al. “CRISPR-Cas9 Mediated Paraflagellar rod 1 Gene Editing in Trypanosoma Evansi". Acta Scientific Veterinary Sciences
7.2 (2025): 33-39.


https://www.nature.com/articles/s41598-018-26303-w
https://www.nature.com/articles/s41598-018-26303-w
https://www.nature.com/articles/s41598-018-26303-w
https://pubmed.ncbi.nlm.nih.gov/26199333/
https://pubmed.ncbi.nlm.nih.gov/26199333/
https://pubmed.ncbi.nlm.nih.gov/26199333/
https://pubmed.ncbi.nlm.nih.gov/26199333/
https://www.semanticscholar.org/paper/Endogenous-Gene-Tagging-of-pfr2-and-pfr5-in-cruzi-Bryant/663ff5995a7841e0d0e116549437397f3691d455
https://www.semanticscholar.org/paper/Endogenous-Gene-Tagging-of-pfr2-and-pfr5-in-cruzi-Bryant/663ff5995a7841e0d0e116549437397f3691d455
https://www.semanticscholar.org/paper/Endogenous-Gene-Tagging-of-pfr2-and-pfr5-in-cruzi-Bryant/663ff5995a7841e0d0e116549437397f3691d455
https://pubmed.ncbi.nlm.nih.gov/25939677/
https://pubmed.ncbi.nlm.nih.gov/25939677/
https://pubmed.ncbi.nlm.nih.gov/25939677/
https://www.sciencedirect.com/science/article/abs/pii/0014489470901207
https://www.sciencedirect.com/science/article/abs/pii/0014489470901207
https://www.sciencedirect.com/science/article/abs/pii/0014489470901207
https://www.abebooks.com/9780443010590/Techniques-trypanosomes-W.H.R-Lumsden-0443010595/plp
https://www.abebooks.com/9780443010590/Techniques-trypanosomes-W.H.R-Lumsden-0443010595/plp
https://pubmed.ncbi.nlm.nih.gov/4761771/
https://pubmed.ncbi.nlm.nih.gov/4761771/
https://pubmed.ncbi.nlm.nih.gov/4761771/
https://eurekamag.com/research/002/218/002218799.php?srsltid=AfmBOooYdbk0GN8ZwgQYj9mRDyVSS7L7dObdRJSk7uKUw1SJxkutiJZt
https://eurekamag.com/research/002/218/002218799.php?srsltid=AfmBOooYdbk0GN8ZwgQYj9mRDyVSS7L7dObdRJSk7uKUw1SJxkutiJZt
https://eurekamag.com/research/002/218/002218799.php?srsltid=AfmBOooYdbk0GN8ZwgQYj9mRDyVSS7L7dObdRJSk7uKUw1SJxkutiJZt
https://pubmed.ncbi.nlm.nih.gov/1852490/
https://pubmed.ncbi.nlm.nih.gov/1852490/
https://pubmed.ncbi.nlm.nih.gov/1852490/
https://pubmed.ncbi.nlm.nih.gov/558652/
https://pubmed.ncbi.nlm.nih.gov/558652/
https://pubmed.ncbi.nlm.nih.gov/558652/
https://pubmed.ncbi.nlm.nih.gov/21363968/
https://pubmed.ncbi.nlm.nih.gov/21363968/
https://pubmed.ncbi.nlm.nih.gov/21363968/
https://pubmed.ncbi.nlm.nih.gov/28348817/
https://pubmed.ncbi.nlm.nih.gov/28348817/
https://pubmed.ncbi.nlm.nih.gov/28348817/
https://pubmed.ncbi.nlm.nih.gov/26199327/
https://pubmed.ncbi.nlm.nih.gov/26199327/
https://pubmed.ncbi.nlm.nih.gov/26199327/
https://pubmed.ncbi.nlm.nih.gov/18334531/
https://pubmed.ncbi.nlm.nih.gov/18334531/
https://pubmed.ncbi.nlm.nih.gov/18334531/
https://pubmed.ncbi.nlm.nih.gov/18334531/
https://www.science.org/doi/10.1126/science.1258096
https://www.science.org/doi/10.1126/science.1258096
https://www.science.org/doi/10.1126/science.1258096
https://pmc.ncbi.nlm.nih.gov/articles/PMC5244264/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5244264/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5244264/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5244264/
https://pubmed.ncbi.nlm.nih.gov/22023438/
https://pubmed.ncbi.nlm.nih.gov/22023438/
https://pubmed.ncbi.nlm.nih.gov/29761457/
https://pubmed.ncbi.nlm.nih.gov/29761457/
https://pubmed.ncbi.nlm.nih.gov/29761457/
https://www.nature.com/articles/nature14245
https://www.nature.com/articles/nature14245
https://www.nature.com/articles/nature14245

	_GoBack
	_Hlk175740704

