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The need?

Accurate detection of Echinococcus granulosus s.l.
species/genotypes and Echinococcus multilocularis
from different matrices

What we did?

Development of
a Multiplex TagMan Real-Time PCR (qPCR)

Why gPCR approach?

v High sensitivity

v High specificity

v Rapid turnaround time
v Multiplex capability




Multiplex TagMan Real-Time PCR Assay

Assay design and workflow

Multiplex Reaction 1
Sample Targets: E. granulosus s.s., E. multilocularis, E. canadensis (G6-G7)
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Example of real-time amplification curves

=]

g
3
7
8
5
4
3
2
1
0.0
0 5 10 15 20 25 n 5 40
Cycles
w— FAM e HEX TexasRed === Cy5
(target 1) (target 2) (target 3) (internal control)

Compatible with real-time
S gPCR system with up to
T 4 detection channels

Internal Amplification Control (IAC)

@ Amplification = no inhibition

Synthetic plasmid — : e
o O (chiked iito Gxtracted DNA) 5 @ 3 Q No Cy5 signal = possible inhibition



1. PROBES DESIGN: Identification of species-specific probe regions

Criteria:

mitochondrial targets

Tm >70°C (MGB probes)

2-6 diagnostic SNPs polymorphisms preferentially located in the central region
compatibility with multiplexing

Example:

Species/Abbry Sl el Telalz el el TakEl - S e B e target IR
1. POAT4685 G1 _S_.ﬁ.l_SS_S.ﬁ. TAMTTHET ACGTT T

2 POBT4688G3 (TG TACTGGTCAMTANMTTET ACGTT T Eg ss (G1-G3) 6-8
3. E muttilocularis TG TACTGGTCARTAMTTET L.n:l" T

4 aF34640364 |To@acTooToalTallT TR TERACGTT T Em >
5 AB2358480G5 | TCTACTCGGTCAMTANTTAT ACGTT T E. equinus G4 A
6.AB235848G8 |TCGTACTCGGTCAMTANTTET ACGET T

7.ABT45463G10 (TG TACTGGTCAMTANTTHET ACCGTTHATT E. ortleppi G5 5
8. AB208063G6 |[TGTACTGOGGTGACTACTTGTGCACGTTAATT

0. AB235847G7 |[TCTACTGGTGACTACTTGTGCACGTTAATT Ecnd (G8-G10) 4-5

{ ]
|

E. canadensis G6-G7 probe




2. PRIMER SELECTION

Criteria:
« Tm >60°C
« amplicon 70-150 bp
« probe >10 bp from primers
« species-specific mismatches
(preferably close to 3'; preferably insertions/deletions)
progressive elimination of poorly performing primer pairs

o DESIGN

e AMPLIFICATION (CONVENTIONAL PCR)

PRIMER MIX TESTED WITH SYBR GREEN
(MELTING PEAK EVALUATION)

E. granulosus s.s. forward primer

Species/Abbrv

1. PQ874685 G1 TTAGTTGATTGTTGCGTGTGATG

2. PQ874688 G3 TTAGTTGATTGTTGCGTGTGATG

3.E. multiiocularis T TG T G

4. AF346403 G4 TTHEG Gl-|-

5. AB235846 G5 5K 8l-1- - -
6. AB235848 G8 TTREGTTGA G
7.AB745463G10 TTEIGTTGATIT

8. AB208063 G6 TTEGTTGA

9. AB235847 G7 TTREGTTGA

A Az A A4 AS A AB A A A A




3. IN SILICO VERIFICATION OF REPRESENTATIVE DATASETS
(for probes and primer pairs)

Example:

swm LIl B (AR AN B DR AR AR IR 0N DR AR AR U AN BN BRE BR AR U0 BN DR AR R O O DR BR B OB O B B DR U 0N B B B N 0N DN DR BE | LI DR RE AR AN 00 DR AR R AR 0N DN DR AR AR N 0 DR B AR U O DR AR DR UM 0 BN B B BN O DN DR DR AR U0 O DR BE BN 0N I BN (AR I DR R AR BN O
13 Sample13 (G8) coma G T S8 TTAGTG TG TAC TGEG TGAC TAC TTEG TG E AC G T TAA T T T T T TG G GAATAT T TG G TG T TG T TAGG T T T T T T T TGATAT TATT T TATGATARTTTITTTAALA!
14 Samplei4 (B8] comg G TG IGIT T AG TE TG TAETGETOAC TACTTATACACG T TAAT TT T T TG AATAT T TEGATET TG T TAGAT T T T T T T TGATAT TAT TTTATGATARTTTT T TAA
15 Sampe15 (36) comg G T K TTAGTG TG TAC TR TOGAC TAC T TR TG L AC G T TAAT T T T T TG G OAATATTTGG G TG T TG TTAGG T T T T T TTTGATATTATTTTATGATARTTTTTTAA
16 Sample i (G8) comp s T S8 TTAG TG TG TAC TGEGTGAC TAC TTEG TG CACG T TAAT T T T T TG G GAATAT T TG G TG T TG T TAGG T T T T T T T TGATAT TAT T T TATGATARTTTTTTAA
17, Sample T (o8 comp G TG BRG|T TAG TG TG TACTGATGAC TAC T TG TOCACE T TAAT T T T T TG G GAATAT T TGEGTGTTET TAGG T T T T T T T TGATAT TAT T T TATGATARMTTTTTT AL
18 Sample1S (36) comg 0 T G TTAGTOTGTACTOOTGACTACTTOTGCACGT TAATTT T T TGO BAATATT TGO TG TTGTTAGOGT T TTTT T TGATATTATTTTATGATARMTTITTTTAAI
19, Sample19 (GB) comaC T G TTAGTG TG TAC TEE TGAC TAC TTE TG CAC G T TAA T TT T T TG G GAATAT TTGGGTGEGTTGTTAGGTT T T T TTITGATATTATTTTATGATARTTTTTTAA
20 Sample0 (G8) comp s T G § TTAGTG TG TACTGEG TOAC TAC T TG TGO C AC G T TAA T T T T T TG G GAATAT T TGG G TG T TG T TAGG T T T T T T T TGATAT TAT T YT TATGATARTTTTTTAA
1. SampheZ (@) comp G TG BIG T TAG TO TG TAE TG TOAC TACTTATEGCACG T TAAT TTT T TGO OAATATTTOGG TG T TG TTAGG T T TT T T T TRATATTAT T TTATOATAMTTITTTTAA
G6'22W{Gﬂ]ﬁﬂm$"5 TTAGTG TG TAC TEEG TGAC TAC TTEG TG C AC G T TAA T TT T T TG G GAATAT TTGG G TG T TG TTAGG T T T T T T T TGATATTATTTTATGATARTTTTTTAA!
-Eiumtzhﬁﬂjmrmu':j TTAGTG TG TAC TGEG TGAC TAC T TG TG C ACG T TAAT T T T T TG G GAATAT T TGG G TG T TG T TAGG T T T T T T T TGATAT TAT T YT TATGATARTTTTTTAA
24 Samphd4 (36 comE G TGRS T TAG TG TG TACTOATGACTACT TG TG CACG T TAAT T T T T TGO GAATAT T TGGATGTTGT TAGG T T T T T T I TGATATTATTTTATGATARMTTTTTTAA
5. SamphZs (G8) comp s T G TTAGTGTGTAC TG G TGAC TAC TTE TG L AC G T TAAT T T T T TG G GAATAT T TGG G TG T TG T TAGG T T T T T T T TGATATTATTTTATGATARTTTTTTAA
28 SampledE (G8) comp G T G § TTAGTG TG TACTGE TGAC TAC TTEG TG C ACGE TTAAT T T T T TG G GAATAT T TGG G TG T TG T TAGG T T T T T T T TGATATTATT T TATGATARTTTTTTAA
IT. SampleZTTS I e - - o - - e —— — T— -
25 GampeE (GT)(hapl G T GG T TAG TG TG TAC TG R TRGAC TAC T TR TR CAC B TTAA T T T T T TG G GAATAT T TGGGT G T TG T TAGGT T TTTT T TGATATTATTTTATGATARTTTTTTAA
20 Sample (GT) (hipl C T GG T T AG TG TG TAC TG G TGAC TAC TTG TG CAC G TTAA T T T T T TG G GAATAT T TGG G TG T TG T TAGG T T T T T T T TGATAT TAT T T TATGATARTTTTTTALR
30 Samplel (ST (hapl G T GG T T AG TE TG TAE TG TOAC TACTTATACACG T TAAT TT T T TG AATAT T TEGATET TG T TAGAT T T T T T T TGATAT TAT TTTATGATATTTT T TAA:
3. Sampad (GT) (hapl G T GERGI T TAG TG TG TAC T EETRAC TAC T TR TR CAC B TTAAT TTT T TG GAATAT T TGGG TG T TG T TAGG T T TT T TT TGATATTATTTTATGATARTTTTTTAAL
32 Sampled2 (GT)(hapl G T GG T T A G TG TG TAC TG G TGAC TAC TTG TG CAC G T TAA T T T T T TG G GAATAT T TGGG TG T TG T TAGG T T T T T T T TGATAT TAT T T TATGATARTTTTTT Al
G7'1&5mmm:l']m;.i's G T TAGTGE TG TACTGATGACTACT TG TOCAC AT TAAT TT T T TG GGAATAT TTGEGTGT TG T TAGGT T T TT T T TGATAT TATTTTATGATARTTTITTTAA:
-ym{a?]wﬁ'n BT TAGTGTGTACTOGTGACTACTTOTOGCACGTTAATTTTT TGO OAATATTTGGGTOTTOTTAGGTTTT T T T TGATATTATTTTATGATARTTTTTTAAI
35 Sampleds (GT)(hapl G T GG T TAG TG TG TAC TGETGAC TAC TTE TG CAC G T TAA T T T T T TGG GAATAT T TGGG TG T TG T TAGGT T T T T T T TGATATTATTTTATGATARTTTTTTAA
M Sampled (GT)(hapl G T GG T T AG TG TG TAC TGEG TGAC TAC T TG TG CAC G T TAA T TT T T TG G GAATAT T TGGG TG T TG T TAGG T T T T T T T TGAT AT TAT T T TATSATAET TT T T T AL
37, SampheT (Gl G TGRG T TAG TO TG TAE TR TOAC TACTTATEGCACG T TAAT TTT T TGO OAATATTTOGG TG T TG TTAGGT T T T T T T TRATAT TAT T TTATOATAMTTITTTTAA
35 SampedE (GT)(hapl C T GERGI T T AG TG TG TAC TG G TGAC TAC TTE TG CAC G T TAA T T T T T TG G GAATAT T TGGG TG T TG T TAGG T T TT T T T TGATATTATTTTATGATARTTTTTTAA
A5 Sampled (GT) (hapl G T GG T T AG TG TG TAC TGE TGAC TAC T TG TG CAC G T TAA T TT T T T GG GAATAT T TGGG TG T TG T TAGG T T T T T T T TGATAT TAT T T TATGATAET TTTT T AL
40 Sampke40 03T el G T GERGIT TAG TG TG TACTOATGAC TAC T TG TG CACG T TAAT TT T T TGO GAATAT T TGGATGTTGT TAGGTT T T T T I TGATATTATTTTATGATARMT TTTTTAA

\ J
|

E. canadensis G6-G7 probe




4. FINALISING EXPERIMENTAL SET-UP:
definition of final mixture and amplification conditions

Multiplex 1 | “ Multiplex 2
Reaction mix (final) | Reaction mix (final)
= =
. Master Mix (1x) FC? Master Mix (1x)
o |
U Primer Mix (0.25 pM) U Primer Mix (0.25 uM)
E. multilocularis U FAM probe (0.2 uM) | U FAM probe (0.2 uM) E. canadensis G8-G10
e o o U HEX probe (0.2 uM) HEX probe (0.2 uM) -
= é,}fﬁfﬁ‘ Liasls 5.9, =2t
:,3
i\ Texas Red probe (0.2 uM) ﬁ Texas Red probe (0.2 uM)
E. canadensis G6-G7 : E. ortleppi
/ uciease-iree water | -
Fj Nuclease-f t 6 Nuclease-free water
Internal control U DNA template U DNA template
(0 pt 'onal) U IAC (Cy5) - optional |
Detectlon channels Detectlon channels
FAM HEX Texas Red (?Xg) FAM HEX Texas Red

e —




5. TEST ON REFERENCE DNA
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6. SPECIFICITY ASSESSMENT

O @

Fluorophore specificity Non-target parasite DNA

Each target species was -Taenia solium DNA

tested against all assay -Taenia saginata DNA
channels -Taenia multiceps DNA

Other parasites?

9 ©

O

Human DNA

DNA extracted from

whole human blood

Other hosts?

&




/. TESTED SAMPLES

O E. granulosus s.s. (G1-G3)
O E. equinus (G4)

{\ B E. ortleppi (G5)
GEOGRAPHIC ORIGIN / SAMPLING AREA @ E. canadensis (G6-G7)
B E. canadensis (G8-G10)

Circumpolar N=1

B E. multilocularis
l B Non-target species

Europe N=70 N = 94 / FYI: @ A

SN Norwegian Veterinary Institute (NVI) ﬁ i\

TECTLEDN

LSOP Magnetic capture of Echinococcus multilocularis DNA from red
fox (Vulpes vulpes) faecal samples: DNA extraction with manual
washing steps.

gPCR was performed also on DNA extracted =
with this SOP (targeted DNA
extraction -> NAD1 fishing probe)
It worked (LoD not defined).

\ 4

Africa N=10

South DNA N

America
N=1




8. EFFICIENCY (preliminary results)

=-3,1919x +38,841 K . . o o o o
. caaverage T oo Testing serial dilutions, in triplicates, of
L T— i syntetic target:
30:00 ............ P S~ Copies  loglO(copies) Cq average
25,00 T 100000 5 22,63
Eg =0 20,00 ? 10000 4 25,95 Slope: -3,19
15,00 1000 3 29,22 2.
10,00 100 2 33,13 R ‘_()’.991 E
5,00 10 1 36,19 Eff|C|ency: 105%
0,00 1 0 38,05
0 1 2 3 4 5 6

Next steps:

Testing the remaining targets

Determining the limit of detection (LOD) in terms of both copy number and DNA
concentration (g/L)

Testing synthetic targets and DNA extracted from parasite material




9. Applications

Deliverable: a multiplex, single step assay for
molecular detection and typing of main
Echinococcus species/genotypes.

« Diagnosis of human and animal cystic and
alveolar echinococcosis

« Species and genotype identification

« Molecular epidemiology studies

@ Laboratory of Parasitology
P ey
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Thanks for
your attention

Questions or
suggestions?

$0,LONG-aND...
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