Update on the development of a gPCR assay that
discriminate A. astaci from A. fennicus
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Aphanomyces astaci specific qPCR ?

Trude Vralstad

Head of Fish Health Research Group
10th AW of the NRL for Crustacean Diseases — May 29t 2019

= : o -
ma Veterinaerinstituttet -
C Norwegian Veterinary Institute .




Before 2006 ish: Problems to diagnose the crayfish plague

The ancient toolbox for
crayfish plague diagnostics

£ Field diagnosi
DlSG&Sd/
observations
Verification of

e A .
“f % | identity
identification ¥ and/or virulence

Very low success rate in most diagnostic laboratories..........
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From 2006 ish: Developing new tools to diagnose the crayfish plague

The molecular toolbox for crayfish plague
diagnostics (OiE recommended)

Specific PCR - direct
molecular detection
from clinic samples

DNA sequencmg

Oidtmann et al, 2006

real tlme PCR
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Vralstad et al, 2009

High success rate in most diagnostic laboratories
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From 2006 ish: Developing new tools to diagnose the crayfish plague

The molecular toolbox for crayfish plague
diagnostics (OiE recommended)

(5335 S P°N

Table 5.2. Methods for targeted surveillance in highly susceptible crayfish species
to declare freedom from infection with A. astaci

Method Screening method Confirmatory method
Inspection for gross signs and mortality a c
Microscopic signs (wet mounts) c c
Isolation and culture E b
Histopathology d

Oidtmann et al, 2006

PCR b, possibly a

gPCR 3 b, possibly a
Sequencing of PCR products
ansmission N
Antibody-based assays n/a n/a

In situ DNA probes n/a n/a

PCR = polymerase chain reaction; gPCR = quantitative PCR; EM = electron microscopy; n/a = not applicable or not

Vralstad et al, 2009

available;
1 = see definitions of confirmed case in Section 7.1

High success rate in most diagnostic laboratories..........
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+ Aphanomyces
- _fennicus sp.nov

A new species very closely
- related to A. astaci

~# (Viljamaa-Dirks &
A /‘%ﬁ Heinikainen, 2019)
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FIGURE 1 Morphological features
of the isolates of novel Aphanomyces
fennicus sp. nov.: (a) hyphae, (b) hyphal
enlargements, (c) spore balls, (d)
chlamydospore-like structures. (a and
c) are similar to Aphanomyces astaci, (b)
is rarely, and (d) almost never seen in
A. astaci cultures. Scale bar: (a and b)
200 pm, (c) 100 pm, (d) 50 pum [Colour
figure can be viewed at wileyonlinelibrary.
com)

5 Veterinaerinstituttet

Norwegian Veterinary Institute

P
)




Facts and challenges

Aphanomyces fennicus sp. nov.

Isolated from Noble crayfish in Finland

Distinguished from A. astaci morphologically

A-virulent, no mortality observed
* Slighly different ITS-sequence
* Unique RAPD-genotype & microsat-genotype

* Not distinguished from A. astaci by the current PCR/gPCRs
e |ITS — conventional PCR (Oidtman et al, 2006)
e |TS- gPCR (Vralstad et al. 2009) *
e Chitinase qPCR (Hochwimmer et al. 2009) Detect & quantify

Specific
Viliamaa-Dirks & Heinikainen, 2019 probe
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ITS-qPCR used for diagnostics and eDNA monitoring
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North. American

A
Need for an supplement method for screening and eDNA

Environmental DNA Disease Prevalence
(eDNA) monitoring diagnostics Infection load
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Motivation for ITS nrDNA as target region for a new qPCR

One nucl tains ~ 140
detectable copies (PFU) of
the unique DNA target motif

" Each nucleus in cells of A. astaci contains >100 copies
(high sensitivity and likelihood of detection)

= Bar-code region (along with Cox 1 & 2 mtDNA)

" High number of (relevant) oomycete taxa sequenced

= Easy to play alternative assays within the
previous region of choice (= most variable
part of the ITS-regions for Saprolegniaceae)
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= Low-cost alternative

" COX2 (and other promising regions) should also be considered
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TagMan® MGB Real-time PCR
assay for detection of A. astaci

Primer
AY310501

AM947023
AM947024

AM947025
AM947026
AM947027
AYGE83896
AYG683894
AYG83893
AY310500
AY310499

and

A.

N N N N N N -

probe sequences

astaci
astaci
astaci

.astaci

astaci
astaci

.astaci
.astaci
.astaci
.astaci
.astaci

L1

P1
VIiOo3628
VIO3629
VIO3630
VIO3631
Pc

Kv

Ho
FDL457
M96/1

TATTCTT -TA

AphAsSCLIT

AphAStITS-65T

| CGGGACGACCC

ApPhASLITS-97R

LAY | R0J5102C B ) v e
AM228782 S.cf. ferax SAP151
AM947036 S.cf. ferax v1i04022

i AM228844 S.diclina SAP229
AY455775 S.diclina ATCC90215
AM228837 S.australis SAP222

IV{ AM947035 S.australis V103841

V- AM228811
VI{ AM228851

Vet AY310502

)

—_--I -
C__

AB219379

S.

Leptolegnia sp.
Leptolegnia sp.
S. torulosa CBS110064

No cross reaction with
tested relatives of the
Saprolegniaceae:

Aphanomyces invadans, A.
frigidophilus, A. stellatus, A.
repretans, A. laevis,
Saprolegnia parasitica, S.
diclina, S. australis,
Saprolegnia sp, Leptolegnia sp

diclina SAP175
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A. astaci and A. fennicus - identical
probe region

TABLE 2 TheITS segments used for the real-time PCR (Vrilstad et al., 2009) probe and primers and for the diagnostic PCR protocols (Qidtmann et al,, 2006, 2004) in comparison with the
gene segments of the Aphanomyces fennicus sp. nov. isolates Mé/1, M6/2 and M7/3
Primer AphAstITS-39F Probe AphAstITS-60T Primer AphAstITS-97R
Aphanomyces  ttat AAG  GCT TGT GCT GGG ATG TT ¢ TIC GGG ACG ACC CY gz TA GCA GAA GGT TTC GCA  AGA AG  ccg
gstaci

M6/1 <A

Mé/2 A A

M7/3 2fAu ‘A

Primer BO42 Primer BO525 Primer BO640

A.astaci  GCT TGT GCT GAG GAT GIT CTT / AAG AAG GCT AAA TTG CGG TA / CAG AAT GCG GAG TCG GAT-AG AG
Mé/1 R " G o A G T T ]

M7/3 Y. " G o A G /A N T

Note. Differences are highlighted in bold. R: G or A (consistent polymorphism analysed in two separate sequences).

Viliamaa-Dirks & Heinikainen, 2019
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Amplification o

3000 -

2 2000 A

RF

1000 -

CYC'ES ] Log Scale

= Amplification of A. fennicus (M6/1, M6/2, M7/3, Matti 17/3: different shades of
purple) and A. astaci (V103628: green) using Vralstad et al. (2009) (with 62 °C)
= No difference in amplification efficiency — clear false positive
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Test of the old and two new candidate
assavs for speuﬂc detectlon of A. astaci

Amplf catio
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Green - A. fennicus “old” assay

Red - A. fennicus “New I” assay

Blue - A. fennicus “New II” assay

Comparing of the “Old”, “New |I” and “New 2”
on genomic DNA from four A. fennicus strains
Results are shown with and without log scale.
“Old” assay yields clear cross amplification
“New |I” amplifies the strains after ct 40.
“New II” assay: no cross-reaction observed

= promising for further tests
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Optimal temperature for the “NEW II”
62.6 °C for discrimination of A. fennicus

Amplification

1 | : | ; ] Dark red — 63 °C
2000 _:_ .................... .................... ...................... e _ Red 62,6 °C
5 5 5 v Orange 61,7 °C
Yellow 60,1 °C
Light Blue 58,2 °C
Blue 56,6 °C
Dark blue 55,5 °C
Black 55 °C
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= Gradient gPCR (55-63 °C) using the “New I1” assay.
= A. fennicus not amplified at 60 °C and above while amply at 58 °C and below.
= Only tested for Tagman Environmental mastermix (EMM).
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“NEW II” test for A. fennicus and A. astaci -
Choice of master mix matters

Amplification

] R T 4
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= Gradient gPCR (at 62.6 °C) using using both mastermixes
= A fennicus is amplified (weak amplification) using iTag but not EMM
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Test in Finland: Better sensitivity with
the “old” assay?

Amplification

= Sensitivity old and “new 2”
e compared for pure culture DNA
B o samples and infected tissue samples

= Same performance for pure culture

3 e — 5§ — .

0 = =« = ®Loose mostofthe low level positives
Cycles . . .
Ampiiication in tissue samples (iTag and EMM)
900
800 = Low level positives not possible to
0 sequence, cultures almost never
2 e obtained.

300 . .
200 = Can this be A. fennicus?
100
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est in Norway: Apparently same
performance on environmental samples

. 10x standard dilution eDNA

For s
-

-t
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V¥ = Sensitivity old and “new 2”
Syardiwdy, compared for environmental
Al samples (confirmed A. astaci)

4x standard dilution =~ eDNA = Comparable results for eDNA
samples

/"+ " Ctin the range from 33-39
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Summary

different mastermixes yields different specificity

= Validation work remains — tested against far less
species than the “old” assay

= For now best to use as a second verification for
positive samples with the “old” assay

" Broad specificity better tested for the old than the new
" Publication remains...

" Interested to test or contribute? Send us a request
— we share!
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