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Introduccion

La secuenciacion de nueva
generacion (NGS) representa un hito
historico en la investigacion geneética y
la biologia molecular. Antes de su
aparicion en la década del 2000, la
secuenciacion (tipo Sanger) de ADN era
un proceso costoso, lento y laborioso

que se Ilimitaba a la lectura de
fragmentos relativamente cortos del
genoma.

La NGS revolucion6 este panorama al
introducir una capacidad de
secuenciacion a gran escala y alta
velocidad.
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Es un sistema de secuenciacion que supera en
rendimiento a lo tradicional. Utiliza una placa de
fibra Optica con millones de pequenos pozos y
puede secuenciar grandes cantidades de ADN
con alta precision y corto tiempo. Este sistema
demostré ser muy efectivo y preciso al
secuenciar y ensamblar el genoma del
Mycoplasma genitalium.




Metagenomica

La secuenciacidbn de nueva generacion
(NGS-Next Generation Sequencing) es una
tecnologia que permite determinar Ia
secuencia de ADN y ARN con alta velocidad
y a gran escala. Esto significa que puede leer
miles o millones de secuencias de
nucleotidos simultaneamente, lo que la hace
muy eficiente para analizar genomas
completos y grandes cantidades de datos

genéticos.
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SANGERS Vs. NGS

==
Features Sanger NGS
Sequencing Clones, PCR DNA Libraries
Samples
Preparation Steps | Few, Sequencing reactions clean Many, Complex
up procedures
Data Collection Samples in plates : Samples on slides
96, 384 1-16+
Data 1 Read/ Sample Thousands & Millions of
Reads/ Samples.
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Metagenomica: ;Como funciona?

Next Generation Sequencing (NGS) g RNA is Reverse Transcribed
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Next Generation Sequencing (NGS) ILLUMINA

Sequencing by Synthesis (SRS) Library

Oligonucleotide

Match
Flow Cell Adapter Sequence
Surface

Clonal Amplification
PCR at a
Single Temperature

Annealing
Extension

Melting




DNA

SERVICE INTERNAL EXTERNAL

Standard sequencing rxn, and cap run, full service $6.45 $11.00 >
S a n g e r Standard sequencing rxn, and cap run, no redo S 4.30 $8.35

BAC/lambda sequencing rxn, and cap run $8.70 $12.00
Sequencing capillary run (only) $185 $13.50 l ' \
e
SERVICE INTERNAL EXTERNAL
100-Cycle Single Read NovaSeq 6000 SP Flow Cell Sequencing, per lane @ $ 2,1@
100-Cycle Single Read NovaSeq 6000 SP Flow Cell Sequencing, per flow cell $3,272.00 $ 3,798.00 N G S
100-Cycle Paired End NovaSeq 6000 SP Flow Cell Sequencing, per lane $ 2,385.00 $2,785.00

100-Cycle Paired End NovaSeq 6000 SP Flow Cell Sequencing, per flow cell $ 4,333.00 $ 4,999.00




La NGS ha revolucionado

la forma en como se identifican y estudian

microorganismos como bacterias, virus, hongos y otros agentes infecciosos. Algunos

ejemplos de uso con patdégenos incluyen:

- Diagnéstico de enfermedades infecciosas.

 Epidemiologia molecular.

« Identificaciéon de nuevos patégenos.

« Estudio de microbiomas.

* Investigacion de vectores y reservorios.
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for Pathogen Detection and Identification
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Arbovirus

William C Reeves

A leading authority on the spread and control of mosquito-borne diseases

William C Reeves was only 25 years old
when he and William M Harmon led the
research team that isolated the western
equine and St Louis encephalitis viruses
from the Culex tarsalis mosquito.

Originally trained as an entomologist,
Dr Reeves became interested in arboviruses
(@ term he coined for arthropod borne
viruses) before going on to earn his PhD in
medical entomology and parasitology in
1943 at the University of California at
Berkeley, where he also earned a master’s
degree in epidemiology in 1949.

In a captivating series of oral history
interviews in 1990, Dr Reeves said that he
developed an interest in insects while grow-
ing up on a ranch in rural California. His
interest was so keen that childhood friends
called him “Billy Bugs Reeves”

While working for the Alameda County

Reeves (on left) areated “a roadmap for understanding West Nile virus”

El término "arbovirus" fue
acunado por el virdlogo
estadounidense William C.
Reeves en |la década de
1950. Se definen como un
grupo de virus que se
transmiten a vertebrados
principalmente a traves de la
picadura/mordedura de
artropodos, como los
mosquitos, garrapatas y otros
Insectos.

Estos virus pertenecen a 8 diferentes familias y varios generos. En México, han sido

desccritos mas de 10 arbovirus que han causado problemas en salud publica.




Virus Family Viral Genus Virus Vector Species

Orthobunyavirus  California serogroup viruses ‘N‘ Mosquito (Aedes sp.)
Phlebovirus Rift Valley Fever virus Mosquito (various)
Phlebovirus Toscana virus Sandfly (Phelbotomus sp.)
. Phlebovirus Phlebotomus fever virus Sandfly (phelbotomus)
Bunyaviridae 3 :
Phlebovirus Sandfly Fever Naples virus - Sandfly (phelbotomus)
Phlebovirus Sandfly Fever Sicilian virus - Sandfly (phelbotomus)
Phlebovirus Heartland virus Tick (A. americanum)
Phlebovirus Severe fever with thrombocytopenia syndrome virus w Tick (H. longicornis)
Nairovirus Crimean Hemorrhagic Fever virus Tick (Hyalomma sp.)
Flavivirus Dengue Virus Mosquito (Aedes sp.)
Flavivirus Zika virus Mosquito (Aedes sp.)
Flavivirus Yellow fever virus Mosquito (Aedes sp.)
Flavivirus West Nile Virus ,} Mosquito (Culex sp.)
Flavivirus St. Louis Encephalitis virus Mosquito (Culex sp.)
ik Flavivirus Japanese encephalitis virus Mosquito (Culex sp.)
Flaviviridae g AP .
Flavivirus Murray Valley encephalitis virus Mosquito (Culex sp.)
Flavivirus Usutu Mosquito (various)
Flavivirus Omsk Hemorrhagic fever virus Tick (dermacentor)
Flavivirus Kyasanur Forest Diesease virus 3 Tick (Haemaphysalis sp.)
Flavivirus Tick-borne encephalitis virus Tick (Ixodes and Haemaphysalis sp.)
Flavivirus Powassan virus Tick (Ixodes sp.)
Orthomyxoviridae Thogotovirus Bourbon virus 2 Tick (A. americanum)
Reoviridae Coltivirus Colorado tick fever Tick (dermacentor)
Rhabdoviridae Vesiculovirus Vesicular Stomatitis (New Jersey) virus ‘ k Sandflies (Lutz. Sp) | Mosquitos (various)
Vesiculovirus Chandipura A% Sandify (Phlebotomus Sp.)
Alphavirus Barmah Forest Virus Mosquito (Aedes and Culex sp.)
Alphavirus Chikungunya virus ) Mosquito (Aedes sp.)
Togavkides Alphavirus Venezuelan equine encephalitis virus #  Mosquito (Culex sp.)
Alphavirus Sindbis virus Mosquito (Culex sp.)
Alphavirus Equine encephalitis virus Mosquito (Culex sp.)

Alphavirus Mayaro virus Mosquito (Haemagogus sp.)
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Garrapatas

Grupo de artropodos aracnidos del
orden Ixodida, que se dividen en
Ixodidae y Argasidae. A nivel
mundial existen mas de 900
especies. Son de importancia en la
salud humana y animal vy
actualmente se ha incrementado su
estuio ya que han ampleado sus

nichos, hospederos, distribucion.
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ABSTRACT

This paper reviews the ixodid tick species that are present in Colombia. The different databases reported 50 species
of ticks, of which 29 belong to Amblyomma: A. auricularium, A. cajennense sensu lato (s.l.); for Colombia A.
calcaratum, A. coelebs, A. crassum, A. dissimile, A. geayi, A. goeldii, A. humerale, A. longirostre, A. maculatum, A.
tigrinum, A. triste, A. mixtum, A. multipunctum, A. naponense, A. neumanni, A. nodosum, A. oblongoguttatum, A.
ovale, A. pacae, A. pecarium, A. patinoi, A. rotundatum, A. sabanerae, A. scalpturatum, A. tapirellum, A. varium, A.
incisum, A. parvum; two Haemaphysalis species: H. juxtakochi, H. leporispalustris, two Rhipicephalus species: R.
(Boophilus) microplus, R. sanguineus s.s., two Dermacentor species: Anocentor (D.) nitens, D. imitans, and 15
species of Ixodes: I. affinis, I. andinus, I. auritulus, I. bocatorensis, I. boliviensis, I. brunneus, I. fuscipes, I. lasallei,
L. loricatus, I. luciae, I. montoyanus, I. pararicinus, I. tapirus, I. tropicalis, I. venezuelensis. Some of these species
need to be validated, their presence confirmed, and their role as a risk for human and animal health studied.

Therefore, a countrywide survey of Ixodidae ticks would be of great value to update the information presented in this
work.

KEY WORDS: America; biodiversity; checklist; health; Ixodida; vector.




Arbovirus transmitidos por garrapatas _ |
Ejemplos:

« Crimean-Congo
hemorrhagic fever virus.
7 T A g i e « Kyasanur Forest disease
‘ *and P. A. ]

virus.
! Imstitute of Zoology, Slovak Academy of Sciences, Dubravska cesta 9, 845 06 Bratislava, Slovakia .
2 Centre for Ecology & Hydrology, Mansfield Rd., Oxford, 0X1 3SR, UK « Powassan virus.

 African swine fever virus.

T'ick-borne viruses

SUMMARY

At least 38 viral species are transmitted by ticks. Virus—tick—vertebrate host relationships are highly specific and less than
10% of all tick species (Argasidae and Ixodidae) are known to play a role as vectors of arboviruses. However, a few tick
species transmit several (e.g. Ixodes ricinus, Amblyomma variegatum) or many (I. uriae) tick-borne viruses. Tick-borne
viruses are found in six different virus families (Asfarviridae, Reoviridae, Rhabdoviridae, Orthomyxoviridae, Bunyavir-
idae, Flaviviridae) and at least 9 genera. Some as yet unassigned tick-borne viruses may belong to a seventh family, the
Arenaviridae. With only one exception (African swine fever virus, family Asfarviridae) all tick-borne viruses (as well as all
other arboviruses) are RNA viruses. Tick-borne viruses are found in all the RNA virus families in which insect-borne
members are found, with the exception of the family Togaviridae. Some tick-borne viruses pose a significant threat to the
health of humans (Tick-borne encephalitis virus, Crimean-Congo haemorrhagic fever virus) or livestock (African swine fever
virus, Nairobi sheep disease virus). Key challenges are to determine the molecular adaptations that allow tick-borne viruses to
infect and replicate in both tick and vertebrate cells, and to identify the principal ecological determinants of tick-borne virus
survival.

Key words: Arboviruses, tick-borne viruses, ticks, vectors.
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Field samplings of Ixodes ricinus ticks from a
tick-borne encephalitis virus micro-focus in
Northern Zealand, Denmark
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Abstract

In 2008-2009 a tick-borne encephalitis virus (TBEV) micro-focus was detected in
Northern Zealand, Denmark. No new cases of TBE with an epidemiological link to
Northern Zealand has been reported since. Here we undertook to investigate Ixodes
ricinus ticks from this endemic micro-focus in 2016 and 2017. In addition to TBEV, I.
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Virome Analysis of Amblyomma americanum, Dermacentor variabilis,
and Ixodes scapularis Ticks Reveals Novel Highly Divergent Vertebrate
and Invertebrate Viruses

Rafal Tokarz, Simon Hedley Willilams, Stephen Sameroff, Marla Sanchez Leon, Komal Jain, W. lan Lipkin

Cenner for Infection and immunity, Mailman School of Public Health, Columbia University, New York, New York, USA

ABSTRACT

A wide range of bacterial pathogens have been identified in ticks, yet the diversity of viruses in ticks is largely unexplored. In the
United States, Amblyomma americanum, Dermacentor variabilis, and Ixodes scapularis are among the principal tick species
associated with pathogen transmission. We used high-throughput sequencing to characterize the viromes of these tick species
and identified the presence of Powassan virus and eight novel viruses. These included the most divergent nairovirus described to
date, two new clades of tick-borne phleboviruses, a mononegavirus, and viruses with similarity to plant and insect viruses. Our
analysis revealed that ticks are reservoirs for a wide range of viruses and suggests that discovery and characterization of tick-
borne viruses will have implications for viral taxonomy and may provide insight into tick-transmitted diseases.
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Resultados

Colectamos para este estudio un total de 3131 garrapatas de animales domeésticos

en Meéxico entre 2019 y 2021. 5 especies de garrapatas duras y una especie de

garrapata blanda.

Se detectaron siete virus nuevos y 12 virus reconocidos, en 7 familias: Totiviridae
(virus que infectan protozoos y microhongos), Solemoviridae (virus que infectan
plantas), Nyamiviridae (Tick-borne virus), Nodaviridae (virus que infectan animales),

Rhabdoviridae, Flaviviridae y Bunyavirales.



Filogenia de los nuevos Rhabdoviridae, Flaviviridae y

Bunyavirales

APG78847.1 Xingshan nematode virus 4 (Alphanemrhavirus)

[ YP_009094143.1 Moussa virus (Mousrhavirus)

YP_010796317.1 Connecticut virus (Sawgrhavirus)

AJR28545.1 Bahia Grande virus (Barhavirus)

0.9

ASY03261.1 Norway mononegavirus 1 (unclassified)

084

OR166576 Chihuahua tick rhabdovirus 1

0.97

QDW81033.1 Blanchseco virus (Alpharicinrhavirus)

1 QBQ64989.1 Bole tick virus 2 (Alpharicinrhavirus)

1

1 | UYL95625.1 Zhangjiakou Rhabd tick virus 2 (unclassified)
UYL95565.1 Qingyang Rhabd tick virus 1 (unclassified)

1
— UYL95634.1 Tongren Rhabd tick virus 3 (unclassified)

r WAK76948.1 Rhipicephalus associated rhabdo-like virus (unclassified)
1

L AWKGE8120.1 Wuhan tick virus 1 (Alpharicinrhavirus)

|l ®PEID

USL85426.1 Dermacentor reticulatus rhabdovirus 1 (Alpharicinrhavirus)
UYL95544.1 Huanggang Rhabd tick virus 1 (unclassified)
:\JNDZK77125.1 Rhabdoviridae sp. (unclassified)
WABS54562.1 Guangdong tick manly virus (unclassified)

UYL95585.1 Yanbian Rhabd tick virus 4 (unclassified)

1
UXX19004.1 Tahe rhabdovirus 1 (unclassified)

0.89

UUG74170.1 Merida virus (Merhavirus)

ATG83562.1 Ohlsdorf virus (Ohlsrhavirus)

ADB88761.1 Durham virus (Tupavirus)

06

YP_010805684.1 Wenzhou Myotis laniger tupavirus 1 (Tupavirus)

YP_009337139.1 Hubei diptera virus 9 (Sigmavirus)

03



Flaviviridae

QWC36471.1 Bemisia tabaci pesti-like virus 1
UYL95317.1 Zhangjiakou Flavi tick virus 1

- 1l.,lG!v|459'r’6.1 Flaviviridae sp.
OR166560 Guerrero tick flavivirus 1

QSR83621.1 Bole tick virus 4

1

WCF44392.1 Camel tick virus

OR166562 Tringbago virus
1

0.9 QDW81037.1 Trinbago virus

UTQ11742.1 Haseki tick virus
1

USL85422.1 Dermacentor reticulatus pestivirus-like virus 1

0.99

YP_009254745.1 Wuhan centipede virus
WBQ85213.1 Classical swine fever virus

QZA87341.1 Tunisian small ruminant pestivirus

1 ATES0848.1 Border disease virus

— S0U95301.1 Bovine viral diarrhea virus 1

QFQ60723.1 Phocoena pestivirus

URZ29377.1 Pangolin pestivirus

0.7

ATP66858.1 Rodent pestivirus
[ s

L YP_009109567.1 Norway rat pestivirus

e AUL76966.1 Atypical porcine pestivirus 1

AYV99177.1 Bat pestivirus

UMO75502.1 Bamboo rat pestivirus

T 9pe|d
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Bunyavirales

QMP82215.1 Plecopteran hanta-related virus
— UYL95520.1 Yushu tick virus 1
USL85429.1 Ixodes ricinus bunyavirus-like virus 1
0.93 ‘I {)JTY1L95516.1 Tongren tick virus 1
;NAK75642.1 Peribunyaviridae sp.

0,65
— 0.38 I OR166557 Ixodes scapularis bunyavirus

0.99
188075425.1 Ixodes scapularis bunyavirus
0.57 o QPB70159.1 Almazovo tick virus
' WCD38987.1 Bronnoya virus
UYL95522.1 Nanchang Perib tick virus 1
1
L] 052 L1 009 | UYL95515.1 Nanchang tick virus 1

V1

1 a2pe|D

0.47 086 — QPD01626.1 Volzhskoe tick virus
— QKK82912.1 Ubmeje virus
OR166565 Chihuahua tick bunyavirus 1
UYL95513.1 Zhangye tick virus 1
UHK03331.1 Hangzhou peribunyavirus 1
1 QQP18740.1 Soybean thrips bunya-like virus 1
0.82 4@ UUW20952.1 Xiaogan peribunya-like virus 1

UHKO03150.1 Sanya peribunyavirus 1

QDJ95875.1 Largemouth bass bunyavirus (Lambavirus)
AHL27166.1 Khurdun virus (Khurdivirus)
- {91 I = AFR34023.1 Herbet viru.s (Herbe\./il.'us)
0.92 QEO75951.1 Lakamha virus (Lakivirus)
AJG39249.1 Shuangao insect virus 1(Shangavirus)
0.93 AIN55741.1 Pacui virus (Pacuvirus)
0.92 ATB53298.1 Gamboa virus (Orthobunyavirus)
- :@ QLA46995.1 Bakau virus (Orthobunyavirus)

ASM94315.1 Akabane virus (Orthobunyavirus)
QRW41716.1 Udune virus (unclassified)

APG79361.1 Hubei orthoptera virus 2

0.7

Z @Pe|D



En resumen, gracias a este estudio identificamos una amplia variedad de
virus, tanto conocidos como nuevos, en garrapatas argasidas e ixodidas
gue parasitan animales domésticos en México. Este hallazgo contribuye
significativamente a nuestra comprension del viroma presente en estos
parasitos, respaldando investigaciones previas que ya habian sehnalado

la diversidad taxonomica de los virus en garrapatas.



