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A Presentation Outlines

®

THE UNIVERSITY
OF ARIZONA.

» Global shrimp production data including Brazil

» Major diseases impacting shrimp farming
> IMNV, PvSV, DHPV, WSSV
> Bacterial diseases TPD, NHP, SHPN

» Engineering a viral vector for an oral delivery of
therapeutic RNA in shrimp

» Perspectives on shrimp disease diagnosis and control
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Shrimp Production in the Americas

®
OF ARIZONA.
Note: With the most recent expectations ,
for Ecuador and Brazil LAM production '
can reach 2m MT for 2023 i
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Shrimp Production in Brazil

®
THE UNIVERSITY Brazil aquaculture: vannamei (whiteleg) shrimp production, 2010-2023f
OF ARIZONA.
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For 2023, aquafeed costs have again become the key concern

®
THE UNIVERSITY s,
OF ARIZONA. key concern for 2021 Aquafeed (cost)
In the 2021 survey Market prices
market prices were the Disease prevention
it e Market access |
Aquateed (queiy) |
sroodstock (quaity)
Acesstocedt [ [T
Other production costs (electricity, labor, etc.) _
International trade barriers _
Broodstock (availability) _
Consumer acceptance _
Aquafeed availabiity)
eroodstock (cost) |
Local/regional infrastructure _
Onerous restrictions (use of chemicals, discharge.. _
Conflicts with other resource users _
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A Animal & Comparative Infectious myonecrosis disease
'| Biomedical Sciences

e Continues to remain as a major disease in Brazil

* DISTRIBUTION: Brazil (2002), spread to Indonesia (2006), India
(2017) and China (2024).

(a) P. Vannamei from natural outbreak exhibiting muscle
necrosis, visible as opaque musculature.
>Stress trigqgers acute onset of death, 60-85% mortality.

(Y | Lymphoid organ spheroids
4594 (LOS) (D) in P. Vannamei
0 experiencing IMN-induced
e A :""‘; natural outbreak in Indonesia.
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Novel IMNV genotype associated with
- disease outbreaks in Indonesia

THE UNIVERSITY
OF ARIZONA.

Archives of Virology (2019) 164:3051-3057
https://dol.org/10.1007/s00705-019-04408-5

BRIEF REPORT l‘) 1‘

Check for
Updates

Novel infectious myonecrosis virus (IMNV) genotypes associated
with disease outbreaks on Penaeus vannamei shrimp farms
in Indonesia

Hung N. Mai’' - Bambang Hanggono? - Luis Fernando Aranguren Caro’ - Ujang Komaruddin? - Yani L. Nur‘aini? -
Arun K. Dhar'
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Reemergence of infectious
myonecrosis in Brazil -

®

THE UNIVERSITY
OF ARIZONA.

Since 2016, unusual mortalities that

progress more rapidly and result in a

cumulative mortality up to 80% have
been recorded in Brazil
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;i ldentification of a novel IMNV isolate in Brazil
THE UNIVERSITY

OF ARIZONA.
® RNA seq (using muscle tissue) was used to delineate the g S 2 HERRBTSE
genomic characteristics of the IMNV associated with . T —
unusual mortalities in shrimp
100 Brazil-2018-117583846 *
. - . . Indonesia-2012-KJ636783
® Phylogenetic analysis revealed the presence of a distinct
IMNV strain that is more closely related to Asian IMNV Indonesia 2006-EFU51 44
strains

Brazil-2013-KT003689

Aquaculture 554 (2022) 738159 100

Brazil-2009-KR815474

Contents lists available at ScienceDirect

Aquaculture Brazil-2014-KJ556923

100
Brazil-2004-AY570982

journal homepage: www.elsevier.com/locate/aquaculture
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A Serendipitous discovery of PvSV
Associated with IMNV

®
THE UNIVERSITY
OF ARIZONA. re . .
* An additional viral contig of 10.4 Kb that does not correspond
to any known shrimp pathogen.
* One large ORF (9,978 nt) encoding a polypeptide containing 3,326 aa.
* Motif search identified five conserved domains: Helicase, RNA-dependent
RNA polymerase (RdRp), Coat protein, Glycine-patch and Kinase signature.
|1 590 1,q00 1,5|00 2,q00 2,5300 3,q00 3,5'300 4,0|00 4,5100 5,900 5,5|00 6,Q00 6,5'300 7,900 7,5300 8,q00 8,5|00 9'0,00 9,%00 10,p00
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Taxonomic affiliation of the novel virus

®

THE UNIVERSITY
OF ARIZONA.

Secoviridae

1L E235 W) CHIZ SRS 00 —

L
%
3 |
| J
J
l‘%QQ \ .l y
S \ |}/
Torg 7S e L) \ |'v’
Mo . L L.":
e, {
Cllokat gy Jm)" N
VoS W g, G"-‘Mrmh; 2 1'.\‘
o ——Twe ey
i P/
AN £ f
‘wog‘é‘ & /
A""’“ = 7 / /
Marnaviridae \' T &
ot & & 4§
s £ & 8
& o @5
"4 ."g ;’
& f
& Ff 7
A
o
§
i
2
$
b
~

AQUACULTURE PATHOLOGY
‘Tucson, Arizona |

/%
J“Aﬁ& “Q.,u'.'
'
e
\\150 "‘gf" al
W e o
- Solencpsis invicta s SRR KCOITZT1)
e Hutwi plcoma e VNS ABREAD- IRPGTT4ISTY
Tt
MPoys e, i
L ASc 20,
3 -
g pO/‘/Cfﬁ."ﬂu"ldae
v, ]
“ 4‘»’.-.
E ‘Q’a <,
"
o, g,
o i,

Picornaviridae

N
N T
72 PR

* The novel virus diverged early

* We tentatively name this virus
Penaeus vannamei Solinvivurus

(PvSV)

Cruz Flores, Andrade et al, 2022, Viruses.
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Tissue tropism of PvSV determined by H&E

®

THECINIVERSIY % The virus produces intranuclear inclusions & appears to infect cells/

tissue of ectodermal (epithelial cells), mesodermal (lymphoid oral) &
endodermal (hepatopancreas) origin
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e section of a PvSV-infected P. vannamei.
The black arrows indicate the areas affected by the virus. Light blue arrows are normal
HP cells. Early stages (A, B and C) at high magnification shows multifocal hyaline e
hypertrophied eosinophilic to basophilic nucleus (200um, 50um and 20um). L CAQUA

de Enfermidades de Crustaceos




A Tissue tropism of PvSV determined by ISH

®

THEUNIVERSITY 3 The virus produces intranuclear inclusions & infects cells/ tissue of
ectodermal (epithelial cells), mesodermal (lymphoid oral) & endoderma
(hepatopancreas) origin

OF ARIZONA.

An ISH positive reaction to PvSV in P. vannamei. (A) The circles in red indicate PvSV -“"‘
LAQUA affected by the virus. (B) The positive reaction in the nucleus of F and R cells (red arrows) s

Laboratdrio de Diagnodstico

de Envermictes ae Crisacaos and B cell (green arrows) FENACAM'24




A Is there any synergistic effect of
: IMNV and PvSV dual infection?

THE UNIVERSITY
OF ARIZONA.

Aquaculture 554 (2022) 738159

Contents lists available at ScienceDirect

e IMNYV affects muscle

é,_ Aquaculture —_
ELSI \ “}; journal homepage: www .elsevier. com/locate/aquaculture I M N v P SV
+
* PvSV affects v
Novel infectious myonecrosis virus (IMNV) variant is associated with recent
h e patO pa n C rea S a n d disease outbreaks in Penaeus vannamei shrimp in Brazil
Ot h e r t i SS u es Thales P.D. Andrade”, Roberto Cruz-Flores ™, Hung N. Mai b Arun K. Dhar ™’ E—
» Hepatopancreas is a viruses bey Infection of two
multifuctional organ viruses causing
H H Article H H 2?2
’,nvo,veq in growth and Identification of a Novel Solinvivirus with Nuclear Localization . higher Mortality??
Immunity. Associated with Mass Mortalities in Cultured Whiteleg Shrimp

(Penaeus vannamei)

Roberto Cruz-Flores 2%, Thales P.D. Andrade 231, Hung N. Mai 2 Rod Russel R. Alenton % and Arun K. Dhar 2*
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A An intriguing case of HPV that could not be detected
THE UNIVERSITY with known molecular methods for HPV detection

OF ARIZONA.

increase in the occurrence of
hepatopancreas affecting diseases

« This case gave usS a unique
opportunity to test our improved
pathogen discovery pipeline

Divergent strain of HPV from Latin America
__that does not react with known molecular

methods N\
o 20
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Pathogen Discovery Pipeline: Combining histopathology, Laser

THE UNIVERSITY Capture Microscopy & NGS to identify a novel strain of HPV
OF ARIZONA.

Histological processin ifi gt i Laser Capture ) . .
g P g Identification of lesions _ : P Nucleic acid extraction
(3-4 days) by H&E (2 days) Microdissection of the
. (1 day)
lesions (1 day)

Novel HPV Strain

B e T T

e emne e egon et temiaepetegon

Bioinf ies (2 NGS (3 weeks) Whole Genome cp.5%-
ioinformatics ( AmplificatioREN&GSAM 24




ZAS Detection of a novel parvovirus in
T ANzOA, Penaeus vannamei

T

(%)%

N
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. W Lo <€ “‘i_ { ‘ ‘ 9 N . , .
Hepatopancreas tissue section mounted on Same section where a heavily dissected
N PEN slides stained with Paradise Plus. The tube was cut-out by LCM

<

HPV-like inclusions stain light-greenish e -
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Detection of a novel parvovirus in
o Penaeus vannamei

o[ e | l——— - -

Inverted terminal repeat region Inverted terminal repeat region

100 [~ AEQE4893 Fenneropenaeus chinensis hepandensovirus

AAG23868 Penaeus chinensis hepandensovirus

Type 4

ADK63427 Fenneropenaeus chinensis hepandensovirus

* The divergent shrimp parvovirus shows 85%
identity to Penaeus monodon Hepadensovirus 1
(aka HPV).

ACB97670 Penaeus monodon hepandensovirus 3

Type 1

ABYT79077 Penaeus monodon hepandensovirus 2

ACA50694 Penaeus merguiensis densovirus

Type 2

ABET73136 Penaeus merguiensis hepandensovirus

ACJ23371 Penaeus monodon hepandensovirus 4
100

100 ABZ90157 Penaeus merguiensis densovirus

Type 3

1 Penaeus monodon hepandensovirus 1

 The squares in red show areas with high - L [omraoms ] Type 52

ADV32634 Decapod penstyldensovirus 1

variation that need curation (Quasispecies?). | AG10009 enseus st perstdensoivs |

ga | ABR23511 Decapod penstyldensovirus 1 IHHNV

56) AF218266 1 Decapod penstyldensovirus 1
5 apR 11289 Decapod penstyldensovirus 1
AAKS5490 Bombyx mori densovirus 1
100 NP 694823 Junonia coenia densovirus
100

NP 051016 Periplaneta fuliginosa densovirus
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A Development of diagnostic tools for the novel DHPV

®

THE UNIVERSITY
OF ARIZONA.

PLOS ONE

L 21-121-2 21-3 214 L

—
—

Detection of novel DHPV

genotype by ISH Detection of novel DHPV

genotype by PCR

RESEARCH ARTICLE

Tracking the emergence of a novel genotype

/

PLoS ONE 19(10): e0311592. ..ciiciieiis. oI
FENACAM24

of Decapod hepanhamaparvovirus in shrimp ~
using laser microdissection and next e (7
generation sequencing LAQUA "‘
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Aw White Spot Disease

OF ARIZONA.

* Eosinophilic to pale basophilic (with H&E stains)
intranuclear inclusion bodies in hypertrophied
nuclei of the cuticular epithelial cells and

P i connective tissue cells. .'» )
(,“‘ * Tissue tropism: Cells of ectodermal & mesodermal ISH / DNA Prob “'
A 4 origin, like IHHNV robe

% FENACAM'24




COLLEGE OF AGRICULTURE & LIFE SCIENCES
Animal & Comparative CHAPTER 2.2.8.

* | Biomedical Sciences INFECTION WITH
WHITE SPOT SYNDROME VIRUS

6. Test(s) recommended for targeted surveillance to declare freedom from white spot disease

WSSV DEteCtlon by the WOAH- Real-time P_CR is the recommended test for targeted surveillance to declare freedom from infection with white spot
Recommended Conventional Nested-PCR syndrome vinus.

7. Corroborative diagnostic criteria
A B C E F SPF NT +C 7.1. Definition of suspect case

Infection with WSSV is suspected if at least one of the following criteria is met

i) Gross pathology consistent with infection with WSSV,
i)  Histopathology consistent with infection with WSSV,
) Positive conventional PCR result;

iv) Positive real-time PCR result;

v)  Positive LAMP result.
7.2. Definition of confirmed case
Infection with WSSV is considered to be confirmed if one or mare of the following criteria are met:

1) Histopathology consistent with WSSV and positive in-sifu hybridisation test;

i)  Positive conventional PCR results and conventional PCR targeting a different region of the WSSV genome
with sequence analysis consistent with WSSV,

) Positive real-time PCR results and conventional PCR targeting a different region of the WSSV genome with
sequence analysis consistent with WSSV,

iv) Positive LAMP results and conventional PCR targeting a different region of the WSSV genome with sequence
i ith WSSV.
> WSSV Nested PCR results show that Sample analysis consistent wi
21-094-F is WSSV Positive.

» Sample A, B, C, and E are WSSV Negative WSD SUSPECtEd case nEEdS to

» Samples were tested using the OIE-

recommended real-time PCR and Samples F be co nfirmed fOIIOWing the

was tested Positive. WOAH guidelines, e ﬁ\

O’
» LOD- Step 1 PCR: 20,000 WSSV copies LAQUA ‘
> LOD' Step 2: 20 COpiES Laboratério de Diagndstico W

de Enfermidades de Crustaceos
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A Translucent Post Larval Disease (TPD)

®

THE UNIVERSITY
OF ARIZONA.

Clinical signs:

» Empty digestive tract
» Pale or colorless hepatopancreas

» Causative agent of TPD was identified

Control Infééced

7.3

Nguyen Dinh-Hung et al. 2024. Manuscript in Preparation. FENACAM24




Molecular Diagnosis of Detection of TPD

®
THE UNIVERSITY vhvp-3 gene vhvp-2 gene vhvp-1 gene
OF ARIZONA. —— : Vo : 1
110,000 bp D_< il ] << K ]_Du 129,999 bp
[l Genomic_island [ Repeat [ gene

Three potential virulence genes: vhvp-1, vhvp-2, and vhvp-3 carried in a plasmid DNA (7. Jia et al. 2024)

e 75

LAQUA .‘-"
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Early phase

o 2

.
1]
{
e
4
L |

Loss of HP tubule structure, with epithelial Replacement of the midgut mucosal epithelium
cells detaching and sloughing off by a thick layer of hemocytes. HE: Hemocytic
enteritis.

<
B
oS

Nguyen Dinh-Hung et al. 2024. Manuscript in Preparation. FENACAM24
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Diagnosing Different Diseases with
A Similar Clinical Signs

THE UNIVERSITY
OF ARIZONA.
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NHP: Necrotizing Hepatopancreatitis

®

THE UNIVERSITY
OF ARIZONA.

Distinctive HP lesions

* Intracellular bacterium

* Tubule epithelial cells show
basophilic cytoplasm

* Multifocal to diffuse lesion
distribution

* Sloughed epithelial cells are
commonly dead

* Moderate to strong
inflammatory response and

LAQUA

Laboratorio de Diagndstico
de Enfermidades de Crustaceos

FENACAM24




®

THE UNIVERSITY
OF ARIZONA.

Distinctive lesions
in hepatopancreas

e Extracellular bacteria

* Randomly distributed lesions

* Moderate to strong
inflammatory response and
melanization

e Sloughed tubule epithelial
cells, commonly dead

* Vibrio bacteria present
throughout the disease
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AE 3 Challenges in developing antiviral therapeutics
A In shrimp

THE UNIVERSITY
OF ARIZONA.

 Lack of availability of an immortal crustacean cell line.

* Efforts to develop therapeutics using RNAi approaches:
 Both hRNA and dsRNA were found to be effective in controlling viral diseases in
laboratory experiments.
e Successful delivery of dsRNA expressed in bacteria and algae reported to control viral
diseases in shrimp.

* dsRNA delivered via chitosan-based particles and nanoparticles were found to be
effective in laboratory experiment

* No commercially available therapeutics delivered via an oral route for
controlling viral diseases in crustaceans.

' ]
& e )
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Engineering an infectious cDNA clone of a
THE UNIVERSTY freshwater prawn RNA virus

OF ARIZONA.

Mva Contents lists available at ScienceDirect
1 24 3161 3202 Virology
— RNA1: RdRp e
journal homepage: www.elsevier.com/locate/virology
1 38 1153 1175

In experimental challenge with infectious clones of Macrobrachium

rosenbergii nodavirus (MrNV) and extra small virus (XSV), MrNV alone can
RNA2 (1,175 bp) RNA1 (3,202 bp) cause mortality in freshwater prawn (Macrobrachium rosenbergii)

Warachin Gangnonngiw™"*, Malinee Bunnontae”, Kornsunee Phiwsaiya™",
Saengchan Senapin®”, Arun K. Dhar*

* Center of Excellence for Shrimp Molecular Biology and Biotechnology (Centex Shrimp), Faculty of Science, Mahidol University, Rama 6 Road, Bangkok, 10400, Thailand
" National Center for Genetic Engineering and Biotechnology (BIOTEC), National Science and Technology Development Agency (NSTDA), Klong 1, Klong Luang, Pratum
Thani, 12120, Thailand

© Aquaculture Pathology Laboratory, School of Animal and Comparative Biomedical Sciences, University of Arizona, Building 90, 1117 E. Lowell St., Tucson, AZ, 85718,
USA
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A Shrimp Viral Vector
THE UNlVERSl?Y D e S i g n & P r‘od u Cti O n pFe(a:hg?:g%/ :DES:\:%):tor Competent DH10 Bac E. coli cells

OF ARIZONA. P

[ d ! |

MrNV Genome ~‘ Vector MrNVcp-GFP @ % g
i transform bacmid 7/ selection recombinant bacmid 5

RNA-1 (RdRp) ORF
D AT (RaRp) [ 62 j . e - o ol /m;s::::;::mw
3202 bp 1313 bp
+ GFP recombinant bacmid

T —

- RNA-2 (CP) - : — RNA-2 (CP) — .emm_;ﬁéé msia transfection

S

1175 bp 1175 bp
s{%iw s
l._" - Jk »J ~.,\inoculation |‘ S ) M% / %;;;A
Baculovirus \\ / . .
\\\/"l &

Y MV OFP " s D NA
W '“"
‘ e MrNVcp-GFP
MrNVcp-GFP . : ,j:} P
7688 bp

Production of MrNVcp-GFP using baculovirus
expression system in Sf9 cells

A

COLLEGE OF AGRICULTURE & LIFE SCIENCES
Animal & Comparative
Biomedical Sciences




A Experiment Overview

THE UNIVERSITY

OF ARIZONA. BV"'M rNVCp-GFP —
"Viral Vector cocktail’ . | —— TEM

imaging

l

JUltrasectioning m

59 cells in SFM

cell

'

Baculovirus- Vector: e

(BV) {MrN\fcp-GFf}/

g MVER-RNA

GFR-RNA #5’ D) S ) r
S ISl Crcated in BioRender.com  bio

© 2023 Arun K. Dhar



®

THE UNIVERSITY
OF ARIZONA.

A A L e e g,

Tuean, Arizoan

/Pc promoter

Expression of a marker gene in Sf9 cells

using a shrimp viral vector

“ Pa (M uninfected

b GFP Positive &

i L
10° 10 108

GFP Positive

Dy D

102 GER 102 10° GERA 10° 10°
SV40 e s
Populati #Events %Parent Median || Populati #Events %Parent Median
< M All Events 22,666 FRE¥ 85,383 | I All Events 21.878 *ary 224
> T N mr 20,635 91.0 86,191 | WP 20,626 94.3 227
R N A- 1 U T R ‘ [ singlets 19,327 937 84,412 | [ singlets 19,606 951 221
[ GFP positive 18,993 983 85,824 | [ GFP positive 0.0 265

p10 promoter

RNA-1-UTR

MrNV-GFP-RNA-2

7,688 bp ep

AmpR promoter

supernatant 3




Oral delivery of MrNVcp-GFP in shrimp

TEM analysis of ultra-thin sections
of hemocyte cell

Delivery routes
Naive (SPF) Injection

MrNVcp-GFP particles
(30-40 nm size)

®

THE UNIVERSITY
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Expression of a marker gene in insect
@ cells using a shrimp viral vector

THE UNIVERSITY
OF ARIZONA.
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405 - hepatopancreas pleopods
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https://doi.org/10.1093/pnasnexus/pgad278
100 —o0- A - L - L - 100 11— x 1 x —e Advance access publication 23 August 2023
SPF (] 1 5 8 injection SPF (1] 1 3 5 8 injection
control

Research Report
control

Days post-feeding

Engineering a replication-incompetent viral vector
for the delivery of therapeutic RNA in crustaceans

Rod Russel R. Alenton@, Hung N. Mai and Arun K. Dhar@‘

Agquaculture Pathology Laboratory, School of Animal and Comparative Biomedical Sciences, The University of Arizona, Tucson, AZ 85721, USA
*To whom correspondence should be addressed: Email: adhar@arizona.edu
Edited By: Richard Stanton




GFP RNA in MrNV was

THE LANIVF_RSITY
OF ARIZONA- replaced with a hairpin
RNA targeting WSSV.
BS

6000 6500 >
polyhedrin promoter %\
\ ﬂwo
\
N _sv40

o
RNA-1 UTR -
p10 promoter %

RNA-1-UTR

500

MrNV-GFP-RNA-2

7,688 bp
.

AmpR promoter

/Pc promoter
s

ﬁ Wy N))] NT

ZAS THE UNNERSITY OF ARIZONA
AQUACULIURE FATHOLOGY

Delivery of hairpin RNA targeting WSSV In
shrimp using a shrimp viral vector

* Questions:
* Can we deliver the hairpin RNA using

a shrimp viral vector, MrNV?
* |Is the hairpin RNA effective in
controlling WSSV?



A Delivery of hairpin RNA targeting WSSV

THE UNIVERSITY In shrimp using a shrimp viral vector
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Perspectives: Disease diagnosis
& disease control

Diseases will continue to threat shrimp industry worldwide.
Emergence of new diseases are inevitable as shrimp farming is
industrialized.

ldentifying disease accurately is critical for developing disease
prevention strategies (/SO Certified academic and industry labs have a
big role to play).

Combining conventional histopathology with genomic tools will enable
us to detect pathogens at an accelerated pace and enables developing
diagnostics and preventing disease spread worldwide.

Laboratério de Diagndstico
de Enfermidades de Crustaceos 5
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* A successful diagnosis based on histopathology depends on proper
sample selection and fixation

e Cautionary note: In pathogen discovery work, NGS data need to be

combined with biological data set and histopathology finding in a
very targeted manner. NGS data alone could be misleading, if not
combined with other data set and lack comprehensive analysis.
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OFEN Genome reconstruction of white
spot syndrome virus (WSSV)
from archival Davidson’s-fixed
paraffin embedded shrimp
(Penaeus vannamei) tissue

Roberto Cruz-Flores, Hung M. Mai, Siddhartha Kanrar, Luis Fernando Aranguren Caro &
Arun K. Dhar™®
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=== ' Rapid, CRISPR-Based, Field-
Deployable Detection Of White
Spot Syndrome Virus In Shrimp

Timothy J. Sullivan 0%, Arun K. Dhar®, Roberto Cruz-Flores® & Andrea G. Bodnar

OFEN The emerging pathogen
Enterocytozoon hepatopenaei
drives a degenerative cyclic pattern
in the hepatopancreas microbiome
of the shrimp (Penaeus vannamei)

Jesis Antonio Lopez-Carvallo("?, Roberto Cruz-Flores (0% & Arun K. Dhar 22
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Identification of a Novel Solinvivirus with Nuclear Localization
Associated with Mass Mortalities in Cultured Whiteleg Shrimp
(Penaeus vannamei)

In experimental challenge with infectious clones of Macrobrachium

rosenbergii nodavirus (MrNV) and extra small virus (X5V), MrNV alone can |55

cause mortality in freshwater prawn (Macrobrachium rosenbergii)

Warachin Gangnomngiw™""", Malinee Bunnontae®, Kornsunee Phiwsaiya™,
Saengechan Senapin®”, Arun K. Dhar®

Roberto Cruz-Flores %*, Thales P, Andrade %3*, Hung N. Mai 2 Rod Russel R. Alenton 2 and Arun K Dhar 2#
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Immunofluorescence detection of Ecytonucleospora hepatopenaei (EHP) in
Penaeus vannamei

- ,f |
o’
e
FENACAM'24

Sungman Cho ™', Deborah A. Schaefer ', Hung N. Mai®, Michael W. Riggs b Arun K. Dhar®’
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Reestablishing Histopathology as an Essential Component of Health
Assessment for Farmed Shrimp in the Era of Molecular Diagnostics

PLOS ONE
Arun K. Dhar (® and Carlos R. Pantoja-Morales
Aquaculture Pathology Laboratory, School of Animal and Comparative Biomedical Sciences, The University of Arizona, Tucson, Arizona, USA
PNAS PNAS Nexus, 2022, 00, 1-9
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Research Report

Engineering a replication-incompetent viral vector
for the delivery of therapeutic RNA in crustaceans

Rod Russel R. Alent0n®‘ Hung N. Mai and Arun K. Dhar @

Aquaculture Pathology Laboratory, School of Animal and Comparative Biomedical Sciences, The University of Arizona, Tucson, AZ 85721, USA
“To whom correspondence should be addressed: Email: adhar@arizona.edu
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RESEARCH ARTICLE

Tracking the emergence of a novel genotype
of Decapod hepanhamaparvovirus in shrimp
using laser microdissection and next
generation sequencing

Roberto Cruz-Flores™?, Arun K. Dhar(»'*
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