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e favorite seafood of Americans.
| s |mported creating a yearly S4.5 billion US trade

s

=t
o

nan ev is the most widely cultured species around the

-

‘..4:.. nd the industry is impacted by viral diseases.

S

—e .y yannamei bioaccumulates cadmium (Keating et al. 2007)

= #dmkage map (ShrimpMap?2) is being constructed to identify

~ genes or Quantitative Trait Loci (QTL) associated with
tolerance/resistance of shrimp to metals and persistent organic
pollutants (POPs).
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Shrimp allergies

-

n the past 20 years, and most shrimp consumed by
,} mported

rJ[r).—aJrJ.-J\\r .‘>"' o |JS has

.'P
.

= e
u;J: | ,, of speC|f|c pathogen-free (SPF) L. vannamei, the most

== 4ffrlr rhed shrimp species around the world, has helped to
cOoI t‘rb'l V|raI diseases and promote aquaculture both in the US and
é’rb'r-bad '
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(Cd) is the metal of concern.

'_Z"t in crude oil, has negative
] effects in most living organisms

ppm (Hg/g)

mulates in testes, prostate,

renal eplthellal cells, & is linked to:
=kidney damage
=prostate cancer
=obesity and diabetes
=learning disabilities
"may affect immune & allergic responses
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000 aﬁeausing genes isolated from TSV-
ged SPF L. vannameijuveniles «

—

= Actin, myosin heavy chain,
troponin I-C, tubulin,

OPOMVOSIT A ,

B No homology = Translationally controlled tumor

protein (TCTP, or fortilin)
®.aminin receptor

I:lSsgg::\)/gyptr%tg/ﬁsthetical, unnamed, predicted or - Chitinase, zinc proteinase

O Ribosomal proteins = heat shock protein 70

= antiviral protein hemocyanin,

=c-type lectins (PmAV & Kupffer cell
O Homeostasis / stress / immune function rece pto r-| | ke)

=11.5 kDa antimicrobial peptide

=guanine nucleotide binding protein
O Translational regulation (rho pathway)

= nucleoside diphosphate kinase
=endoplasmic reticulum Ca2++
=16s rRNA, COl, COlI

= 60S, 40S ribosomal proteins, 28s,
18S, translation elongation &
initiation factors

O Homology to ESTs of unknown function

O Cytoskeleton mRNAs

O Mitochondrial genes

*known shrimp allergens

From Alcivar et al. 2011.




dlved in muscle contraction.
ith troponins, it associates with the actin filaments and

69 longrudinale Tubuli

-

.* n-b inaing prbtein
: ted by the influx of calcium ions

_7.J§maller subunits of myosin that bind near the head groups of

-~~~ _myosin heavy chains

= _~ . __#m|nvolved in muscle contraction

E Sarcoplasmic calcium-binding protein (SCP)

is believed to function as the invertebrate equivalent of
vertebrate parvalbumin, namely to "buffer" cytosolic Ca2+
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There are ~4,000 allergen-related ESTs in the UniGene

database — most are from SPF shrimp
: R

kinase, ~ Myosin Light Chain, Sarcoplasmic calcium-binding

g | ————— OSSP

Transcribed locus, moderately similar to NP_511049 Sarcoplasmic calcium-binding

myosin light chain cytoplasmic [D. melanogaster] protein

Lva.1756: 183 seqs Lva. 2178: 644 seqs

Transcribed locus, weakly similar to NP_001091813.1 Transcribed locus, weakly similar to
myosin regulatory light chain 2 [Bombyx mori] XP_967547.1 similar to

Lva.1302: 906 AGAP007963-PA [T.castaneum]

Lva.20603: 21

Transcribed locus, moderately similar to XP_976209.1
similar to myosin 1 light chain isoform 2 [Tribolium
castaneum].

Lva.1350: 960

Lit v 3 allergen myosin light chain

— - - . Lva.12166: 3 seqs **[2 are chimeric, with portions of both
il MLC2 & hypothetical protein]

Transcribed locus, weakly similar to NP_524586.1 myosin
light chain 2, isoform A [D. melanogaster]

Lva.6500: 20

Transcribed locus, weakly similar to XP_393544.3
PREDICTED: myosin light chain alkali-like isoform 4 [Apis
mellifera]

Lva.22925: 3

Transcribed locus, weakly similar to XP_001848910.1
myosin light chain kinase [Culex quinquefasciatus]
Lva.12264: 8



. Seafood'consumption as a factor in allergic

predisposition? -

Environmental exposures implicated in immune programming

Antioxidants Folate & other
n-3PUFA [
Smoki 'vlta‘mi e Dietary fibre and
Q‘ng E ' ﬁe/biotics
.
@ ﬂ (&P

Bacteria

'» Suboptimal ﬁ Allergens
% q : intrauterine ?

@"%

environment

Viruses | FETAL PROGRAMMING . : v Pollutants
."" ; Disruption of == ) Changes in gene !
epigenetic profile @ expression

Tissue effects “_' ~ Immune effects |

Persistent disruptionin &/
epigenetic / gene L34 6
expression profile . @

throughout life?

Emerging neonatal differences
2 in lung and immune function

A

ALLERGIC PREDISPOSITION

. I



able Elements | ——

in shrim |

al expression of TEs in response to viruses and other

~_lran

.’_; -fnc")n;don (de la Vega, 2006; Tang & Lightner, 2006).

& ranscrlptase -like (RT-like) non-LTR retrotransposon has been

ifie .aa 1 P. monodon carrying non-infectious sequences of IHHNV

rted in the genome (Tang & Lightner, 2006), or IHHNV-infected L.

~ styliro: ms (Hizer, 2007).

-_-"”.Remnants of TE repeats have been identified in SPF L. vannamei challenged
~ with TSV and WWSV (Alcivar-Warren, 2009; Das, 2009) or exposed to Cd

(Keating, 2007).
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* It is possible that TEs increase the expression of allergens which are then
are perceived as "foreign antigens" by hypersensitive people, a hypothesis
that merits testing.
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Nhy $ tu tudy Transposable Ellemlenﬁs?

Because pollutants increase retrotransposon activity, which in
turn affect fitness and disease susceptibility

Heavy
meta.ls

TMDbLle element

act:lwty
Balance
e

xternal effects vs.

mllulay instability
Cancerous
cell

Apoptosis

LINE-1 non-LTR retrotransposon activity is induced by cadmium,
mercury and nickel at very low levels, ppb (Kane et al. 2005)




Hypothesis

Environmental stressors and viruses cause induction of transposable
element activity, which cause host mutations

et

Heavy
metals

TM{)bLle element

actlwty

Balance
external effects vs. Genetic

cellular controls \ instability

Mutated_cell

New shrimp allergens
— new epitopes

X
Other metabolic
Apoptosis conditions

Is RTE-like, or LINE-1, or other non-LTR retrotransposons involved in
virus infectivity, disease susceptibility?



Transposableelement (TE)-like repeats are present in the

shrimp genome

- 2 g
-~ a DNAtransposon D LTR retrotransposon ¢ Non-LTR retrotransposon
‘Cut and paste TE’ Replicative retrotransposition Target-site primed reverse transcription

-

Gag RT S'UTR ORF2  pA
PR IN ORF1 3'UTR
Transposase ‘ Transcription
binding Transcription

RNA polymerase Il

Transposase RNA

( RNA polymerase

* Reverse transcription

000 Priming
000 000 and reverse
Excision 09 (@) transcription

g RNA %

Q cONA'  © RO

(@) RNA RN
— > S ~ &
© L1 cDNA

(@)
y (@) (®) Second strand
Q Transposase QQOQO ORF2 protein synthesis, completio

Transport of of integration

Target
cDNA to nucleus

...... AN

Integrase

Integration ‘

(W —
(I || —

Integration

Nature Reviews | Genetics



MLC - Litv3 Classification statistics using TEclass
software

T All ESTs Control (Cd-PL42)

Transcribed locus, moderately similar to NP_511049 myosin light DNA transposons: 1

chainn cytoplasmic [D. melanogaster] LTRs: 52
Lva.1756: 183 seqs LINEs: 65
SINEs: 1
Unclear: 64
Transcribed locus, weakly similar to NP_001091813.1 myosin DNA transposons: 35 0(1)
regulatory light chain 2 [Bombyx mori] LTRs: 508 1(3)
Lva.1302: 906 LINEs: 166 0(4)
SINEs: 4 0(0)
Unclear: 193 6 (0)
j Transcribed locus, moderately similar to XP_976209.1 similar to DNA transposons: 62 0N (0)]
| myosin 1 light chain isoform 2 [Tribolium castaneum] . LTRs: 168 1(0)
Lva.1350: 960 LINEs: 324 1(3)
SINEs: 19 0 (0)
Unclear: 387 3(1)

Lit v 3 allergen myosin light chain
" Lva.12166: 3 seqgs **[2 are chimeric, with portions of MLC2 & LINEs: 3
hypothetical protein]

Transcribed locus, weakly similar to NP_524586.1 myosin light DNA transposons: 4
chain 2, isoform A [D. melanogaster] LTRs: 10
: — Lva.6500: 20 LINEs: 1
e - Unclear: 5
i, . Transcribed locus, weakly similar to XP_393544.3 PREDICTED: LTRs: 1
myosin light chain alkali-like isoform 4 [Apis mellifera] LINEs: 1
Lva.22925: 3 Unclear: 1

Transcribed locus, weakly similar to XP_001848910.1 myosin light DNA transposons: 1

chain kinase [Culex quinquefasciatus] LTRs: 1
Lva.12264: 8 Unclear: 6
Transcribed locus, weakly similar to XP_393371.3 PREDICTED: LTRs: 2
myosin regulatory light chain 2 [Apis mellifera] LINEs: 1

Lva.23243: 3



rimp on increased allergen

ON ON the potential ri Sh
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"jtfa'lfcadmium (Cd) is an important environmental pollutant, a
, @ metallohormone, and an endocrine disruptor.

"'l'— tes in testes, prostate, renal epithelial cells and liver, binds to
and may cause heritable mutations.

- _.-" _,_,:..

| 4’- g;, sublethal Cd levels may be harmful to human health.
~ ;-;-‘-'»-c—- i
- Z:—.;‘:, ing reases oxidative stress

" agtm—

-—.'

o cd mduces the expression of transposable elements (TEs) such as LINE
.:—._, —non-LTR retrotransposons

- * may play a role in epidemics of diabetes worldwide, and exacerbates
allergic reactions.

 (Cd accumulates in the body of L. vannamei in proportion to
environmental concentrations.
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fﬁ-ay impact health of people
~~that consume them.
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i‘-"p‘health and growth suggested a
nteraction between environmental
itio s and host genetic background.
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» To be gln to understand the molecular mechanisms
= jﬁnvolved in the increased prevalence of shrimp

= aI]ergles basic knowledge of shrimp genome

- structure is needed.
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r|"ze the TE-like repeats in shrimp allergens, and

'jop EST-SSRs for mapping of shrimp allergens.



e kona Lme i
(OI) Kona, HI

' '5’ ion in
“(Ahab) system
:. e;awater

'" " aEmty 23-26 ppt, pH 8.0)
1‘2*1:2-I|ght cycle

~ 900 PLs used for assay (60 PLs
per treatment, 3 replicates per
treatment)
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Bmubioaccumulation & histologicalchangessin
= SPF L. vannamei postlarvae (PL42)
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Cd Treatment Concentration (ppm)




Methods for dbje,c —

Ya

orax of SPF, untreated L. vannamei postlarvae stage 42 (PL42)
ated (1ppm) postlarvae (Cd-PL42).

Rostrum . E yest: l”'u Abhdominal
T - ; _ Segments
Antennule

I Ma \.i”i:l'lL'lI""'.-
Subehela—~

Chela™sy

|“:-I r

Carpus
(S ubadivided)

Uvoprods, [lI_ 4

Telson
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e lones were sent to Amplicon Express, WA for
construction

- Tnc sequenced approx. 1500 clones from each

S

. - -
JI1 QAL ¥
‘.'—.‘-

.

=—¢=F5] B 'uences were used for homology searches against
—-_---»-G’e.nbank database

~ « Bioinformatics: CENSOR and TEclass software
— http://www.girinst.org/censor/index.php

-
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|solated from control and Cd-
~i NA libraries from cephalothorax
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2.1. Gene Exprgssm ‘and-

ated PL42:‘Q'

) }él gene expression analysis showed that 60.7%

)2 )25) of ESTs from the control library were grouped
381 'UmGene entries whereas only 33.7% (379/1124) of
s from the Cd-treated library grouped into 162 UniGene
- entries.

-’,,2- -

p———

ata suggest that a larger proportion of unique EST
= sequences (with no homology to any Genbank entry) were
~  discovered in the Cd-treated library than in the control

library.

1
*\
.

\ \

3. It is possible that these unique sequences may relate to TE-
induced genome rearrangements.



— -
J—

-
—

——

iptomics study identified
Clatec

tin pathway
‘*bbhse
'4-:3-‘ machinery
An rcroblals

: ;’»1 f\nrals Hemocyanin
-5€ytoplasm|c genes

_."

o IVIetaI binding
* Cuticle proteins

* Transposable elements-like, and re-arranged
sequences™**

e ESTs of unknown function




Interspersed Repeat 6 532 Interspersed Repeat 2 267

DNA transposon 174 12815 DNA transposon 104 6443

EnSpm 24 2523 EnSpm 11 1053

Helitron 47 2161 Helitron 40 2049

Kolobok 3 198 Kolobok 1 50

Mariner/Tcl 11 1123 Mariner/Tcl 9 442

MuDR 16 834 MuDR 6 340

P 7 826 P 2 168

Polinton 27 2268 Polinton 4 360
Harbinger 1 84

Sola 3 329 Sola 3 169

Zator 1 77 Zator 1 34

hAT 16 1160 hAT 12 718

piggyBac 3 214 piggyBac 1 139

"’ . Transib 2 111

% S | n CO n t ro I Endogenous Retrovirus 26 2122 Endogenous Retrovirus 4 309

& s~ ERV1 13 1286 ERV1 2 194

s 1 ! ERV2 11 758 ERV2 2 115
1 C ‘ated Iarvae ERV3 1 26

» LTR Retrotransposon 59 5401 LTR Retrotransposon 47 4436

BEL 4 522 BEL 4 283

Copia 10 633 Copia 7 530

DIRS 2 410 DIRS 2 139

= Gypsy 39 3446 Gypsy 33 3411

- ; '7_ — Non-LTR Retrotransposon 58 5817 Non-LTR Retrotransposon 68 5027

:__:{_:f, : R_Z non- LT R ErRalc - 22 2(1)471(1) CR1 16 1203

g — g L1 17 1731 L1 13 1137

retrotransposon is NeSL i | hest i i

- . Penelope 3 203 Penelope 2 196
- d d b d - RTE 4 348
Induced by cadmium T T
SINE2/tRNA 1 142

Tx1 5 531 Tx1 1 51

I 2 288

Jockey 1 97

Outcast 1 123

R2 28 1556

Pseudogene 3 273

rRNA 3 273

Repetitive Element 4 406 Repetitive Element 4 203

Simple Repeat 12 2370 Simple Repeat 8 1625

Satellite 11 1814 Satellite 8 1625

MSAT 8 1457 MSAT 5 1102

2

CAT

2C7

CAT

OE]
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NSOR analyfggofA

| ’ nsposon
j—'otransposon

nous retrovirus (ERV2)

2 nor fﬁi retrotransposon (inserts into 28s rRNA)*

_.;;- Ao -

- - ~ - ~-
- e

-l —— ‘— " - o~ >

- _-~’%

= —dee e_ased

—

"?—-‘_‘—-'
-~ _1- ~EnSpm, MuDR, Polinton —all except Ginger 2
- 2. Gypsy, BEL

3. L1, CR1,



Organizatiom@iithe ribosomal RNA (rRNA) genes,in

eukaryotes
'DNA locus

ONAunit  _---~ TRt
e ETS ITS1 ITS2 B
PP I T %8S |

IGS

+ Transcription

=
- NN N NN N N N N N I N NN R I NN RN N F
-
-

* RNA processing

185 585 285

BRVLLALL

rRNA genes are organized into tandemly repeated units as diagrammed at the top.
A typical unit is shown in expanded detail.



CTCTTAAGGTAGCCAAATGCCTCGT
GA( TCCATCGGTTTACGGAGCA

CTT. CCCTCTGTCCCTATCTACTATCTA
TTAATTACTGCGCGTACTTACCT GGGAGACAGGGATAGATGATAGAT

GTAAACGGCGGGAGTAACTATGACTCTCTTAAGGTAGCCAAATGCCTCGTCATCTAATTAGTGACGCGCATGAATGGATTAACGAGATTCCCTCTGTCCCTATCTACTATCTAGCGAAAC

™

ACCACAAGGAGTGGAGCTTGCEGCT
TGGTGFTCCTCACCTCGAACGCCGA

AGTATGGTTGCAAAGTTGAAACTTAAAGGAATTGACGGAAGGGCACCACAAGGAGTGGAGCTTGCGGCTTAATT

I | L

18S rDNA 5.8S 28S

TTACCACAGGGATAACTGGCTTGTGGC

TTACCACAGGGATAACTGGCT’I{STGGC]

AATG%TGTCCCTATTGACCGAACACCG
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)pment of EST-Sgﬁs for m
WC progress

- s —

Q n depth review of all papers on linkage maps:

Cy e O
Ao 'f .
«e 2

u233) that is homologous to the MLC sequences from
n duster Lva. 1302 was mapped to LG7 (Alcivar-Warren et al.

_-4-.. e —

o SNP for Arginine kinase was reported (Ciobanu et al. 2010), but has
~__ not been mapped (Du et al. 2011).

«  Work s underway to develop additional allergen EST-SSR markers using
the vast number of ESTs available for all 4 allergens.
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eo otentlal effects of Cd on shrimp
early growth, and suggest a

p lex interaction between environmental
_;,,__:_,:—.w-n- dltlons and host genetic background,

e

=
-

-)A(ﬁlch should be further investigated under
‘both laboratory and commercial conditions.
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