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Population structure of Toxoplasma gondii
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e Many regions of the world
dominated by few
clonal lineages

 South America:
Much more diverse
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Tools for population genetics studies in T. gondii FLLL. . aohne
TOXOSOURCES WPS.
Low resolution Low costs

Multilocus PCR-RFLP markers = SNP based
Multilocus microsatellite typing = short nt repeats

Multilocus sequence typing (MLST) - SNP based

Whole genome sequencing (WGS)

High resolution ‘ High costs

T. gondii genome

e Size: 64 Mb
e Chromosomes: 14
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TOXOSOURCES main achievements \Fu\ eeeeeeeeee . ueane

* Ring trial and establishment of guidelines for
microsatellite typing

— Adherence to guidelines allows the combination of data sets from different labs

e Large collection of in-vitro isolates across Europe
— WGS for European isolates

— Toxosources teamed up with the Biological Resources Centre in France and we were
able to significantly increase our collection, e.g. by adding non-European samples

 ldentification for targets to fingerprint T. gondii by NGS based typing
techniques

— As an example we established an AmpliSeq typing method
— Validated this technique using positive clinical samples and isolates DNA
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Harmonization of T. gondil microsatellite typing

» Participation of five European laboratories in a ring trial

 Three different sample sets:

— Part 1: Comparison of typing in general, effects of DNA
concentration

— Part 2: Comparison of fingerprinting results
(focused on T. gondii Type II)

— Part 3: Typing of non-archetypal genotypes

 Methodological variations were collated fa%%rgtig;g origin of participating
using a questionnaire



Outcome of ring trial
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« Major differences between labs

» Type of fluorophore to label primers
used for microsatellite typing
(Atto550 vs TAMRA or NED)

e Minor differences between labs
» Limited experience
» Suitability of software
» DNA concentration

» Primer supplier (probably caused by
differences in chemistry to label primers
with fluorophores)

European Journal of Clinical Microbiology & Infectious Diseases
https://dolorg/10.1007/510096-023-04597-7
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Guidelines for microsatellite typing of
Toxoplasma gondii using fifteen marker regions

Versinn 1.0: NDate: 012.02.2023

3. Key factors which may affect MS typing results Example
Marker [1::‘42‘; hrmlumml l"n!:emm
| Micragatsllits typing warkflaw Possible and observed effects on reported | Recommen datione Wineage | Recommend- far peak sppesranc sequencer: 3130 Genetic
- fragment size Mnm. '
Effects due 1 primize ety
concentration and purity bl and purity

Effects due to varying fluorophore labailing:
PG URTOT DR :Trg:rlrawnull NED Is‘ o SR ’"D_w']'m' fluoraphore
replaced by Atto550 or TAMRA O TRATCieatly A TOAFC Tt

Multiples or singleplex
FCR amplification

‘ Effects due to unintended or systematic
differences in primer synthesis which £
results in larger or smaller fragments:

Possible efiects observed related to Check new equipment or size

qmm  differences incapillarysequencer, sim  dm standards using referance

standards used DNAs

‘Adjust the definition of bins T T T - ';__T'__\
g reh DA 4| s |

Cheek new primer batches
using reference DNAs ol

Capillaryefectrophoresis
Effects due to differences in locelisetion of
’ ains for i =

¥y Effacts due to false (nterpretation of stutter
k HA i

g, P s caused by DA polymerase clippage "y Follow guidelines and look for
R T =  helph A

% Eifects due to false strain classification &%

Software 1o assess caplllary
sequencing profiles

Figure 1: Putative effects on the Toxoplosma gondii microsatellite typing workflow T
responsible for laboratory-, operator-specific or unspecific differences in the microsatellite
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Field sample collection (mainly tissue samples [fixed, non-fixed], oocysts samples)
Many European labs contributed.

e MS typing of 325 European samples

(clinical samples and isolates) MS typing results of fully typed samples

. North
Host category No. of samples n-s ¥ 1 East
Human 7 “ 3 . ° o0
Pets 116 e °°""°o o® 2 % West
- g Y
Farm animals 69 . e®e °=,°o°°. o
- - (-] L [ ]
wildlife 116 e s o0
H -]
Zoo animals 17 N=41_® ‘& . o®/% 0
.. .: ) - e®g®
o, 0% 8 n-5o € .
J . ':. N=5 * . e ©°°
'] L LY J = : )
 All Europe covered L~ R P 1 .
N=1 Tl sess &':?0 © 0% 0% © ® e L0902 o
4 c00® . —9 — 9 ey 0®®
*e =8 o eaoo o FO" ofe ¢ Pt 0o %o 02%

- ® ] e e [ ] ® ® 807, ® ®
Region No. of samples . ¢ o8 2 oSV fo o oo 2
North 49 % e %= . oy %0’ % o2’

N=7 L ®0%:0 o 100 2 Fe
East 36 ® . Kev e%e® 0, %ef ©°
N=22 North g Type 1 o 0o ° °
South 71 - ioutth @ Type II variant [ e _o.g.
West 169 ;:St @ Type III

Phyloviz (goeBURST analysis)



Whole Genome Sequencing (WGS) of European type Il
reveals a heterogenous SNP distribution
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Region SNP numbers in 333 bp frames of the 65 Mbp genome
[ Nortn Number of SNPs in 42 isolates per 333 bp frames
[ st Chromosome 1-4 5-9 10-14 15-19 SNPs/10,000 bp
I sou TGME43_chrla 11 3
W e TGME49_chrib 20 a
1 TGMEA49_chrll 1717 38 9
Sk g TGMEA9_chrlll 1962 50 19
¥ TGME43_chrlV 2145 35 8 ]
o F TGMEA49_chriX 4704 77 18 Confirms
TGME43_chrV 2677 68 29 previous
¥ TGME43_chrvI 2508 22 5 finding
anses TGMEA49_chrVlla 3784 60 6 < 10/10 kbp
TGMEAS chrVilb | 3783 35 3
;&""i!% A Cell-culture isolate TGMEA4S_chrviil 41 q
COMPLUTENSE TGMEA49_chrxl 4729 41 5
TGMEA9_chrXIi 4304 37 3
““ﬂw 673 136 37 19
X am" priority 3" priority Zmpriority 1% priority
targets targets targets targets

55 potentially suitable regions identfied

106 cell-cultured isolates from different
parts of Europe, focusing type I
T. gondii whole genome sequenced
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SNP rich regions or highly polymorphic regions (HPRS)

- - - - 1st priority, = 20 SNPs per target 2nd priority, = 15-19 SNPs per target
Sanger sequencing of 55 potentially suitable regions
bk 16 - 16
-> 17 selected (Chr la, Ib, II, IlI, IV, V, VI, Vlla, VIII, 1X, X) Xi
X 23-23 5-18
Consensus ;‘I.lllllll-:“ - l--I-I - l- . .l; - e I_____l‘. -n-:;u-:;l-u II --— ] 1X $-38 T21| 15019
Identity VA 18-19
Co 202,20 R Med9 ab1 o 1 T Vil —
o 150 3 20 4K Meddabt * - — Vila/ ko-20 15-19
O+ FR0 5 _20.1F_D200116.ab1 (| 1 1 1 I 1 22.33
O 75620 2K D200116.0b1 ' t 1 ! ! 1 VI 5 -
& re. 820 4RD200116.ab1 o . : : pa— VA S 13- 18
D FE00_20.1F D200127.ab1 1 " 1 1 o B 7 }
D+ FEU 1D_20.2R_D200127.0... 1 - ! PAP——— V4 —_— 2% 18-19
O FO0 11_20.3F D200127.a... N u 1 1 o T8 )
e F£V12]20.4R_D200127 a.., 1 ' " 1 1 11E 15-18
£+ F2013.20.1F D200210.a.. : 1 .o | 1518
o /0 1520 36-D200 10 : : e w | L
v BV 16 20,48 0200210, ' . Sv—— O b Mo s
Oe AR T20_Chromosom Vil... L 1 1 1 1 E lal
>10- > 5o
Example Of a SNP_rICh reglon = 3rd priority, 2 10-14 SNPs per target 4th priority, =2 5-9 SNPs per target
_g XA 10-11 5-8
(@] X 10-11 5-9
X1 e s 10-14 5-9
X Tio T 10-14 5-9
VIl T35 10-14 5.9
Vilb 10-10 _5-9
Vilad 10-12 5.9
VI T34| 11-13 5-9
Vi Wl ™ ] lhgea I TR | BT TR
1V 10- 14 5-9
I Tw—m 5-9
I | 10-13 5.8
b 1 -1 5-9
lal R P N R R R 5-9
0 2 4 6 8 0 2 4 6 8

Position i
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Cell culture and clinical samples used to apply AmpliSeq

AmpliSeq Technique to type T. gondii
Genomic
I —— TOXOpIasma gondll
‘ DNA
A 4
y——————————™ Amplification of
T o —— targets by
) | | multiplex PCR
Adaptors, h 4 -
barcoded | . . .
-_ -_ L Pa_\rt|al digestion of |
— e primer sequences A gf"jcul"”re 'Sl°'a‘e
— Inical sample
Ligation J
of h _
adaptors = =~ | Preparation of
Eme—————————— | barcoded library
Nest Generation Sequencing (NGS), data analysis SN Y ]

Location of European samples; further exotic samples added
(total n=170)
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AmpliSeq typing: Clear separation of genotypes within 170 samples EL . HE ALTE >

Type lll

Type Il (n=131)

g5hSpz4
TaPigsSp2
32215

Type lIxIll recombinant

E_EU_EJP_3

TaShSp2s

S_EU_EJP_1
pzzoses  CER_EJF 4 GER_EIP_S
Py238 TgshsSpit

wi_EU_EJP_14 ngggéﬂp - G;UR_EEJ-:"P_!S? Caribbean 1 2 3

GER_EJP_S _EJF_ =T 2,
W_EU_EJP_13 p2z0zadM-BIP_2 E_EU_EJP &

~D2T050E N_EJF_1 D220881

WMARTINIQUEDS

FREMCHGUIANADY

DEAME0E  TEShSRZL T1207My gy gap 15
Shie_EU_EJP_
GUARELOUREDZ

p213025 Czech gER BJF e
GER_EJP_B A iy
r2izazz oaan " '_'I D213432
A n GER_EJP_A0
PV ure  przoine

Atypical

D220557 0212939
TgShSp31

TgPigsSp2
W_EU_EJP_1z 2248
pzzonss DZE0

0212419
TgPigSpd
DZ2E537

FRENCHGUIANATS
FREMCHGULAMAAT

===

. E_EU_EJP_&
—FH

ME4Q it
220254 (g
TaShSpig Lmic
TgShSpi1S D213428Pnd

it
BENINOZ

1
[
j2 12270 " TaShEp2 D213426

TaShgp13 P s
Toshgpta oo/ PEAOHAE D2iassn TOShSRS 1opigg,s
2067 E_EL_EJP_5 TaSh3pia
p220820 W_EU_EJF_7 E_EU_EJP 72
TgShSpld  D213302 pzzOOIZ - -
21071 D221362  E_EU_EJP_13 Type |
W_EU_EJP_11 D220269 ppooqrs D212037 Tasheps Yp
FR_Bos_tau_0O01 E_EU_EJP_Z
GER_EJP_11 0212823
Diz0063 CAEO1Z_PIR

0212051
w_EU_EJF_10
D2 12838
TgEhSpa0

SplitsTree4 (Neighbour-Net)



Fingerprinting of 132 type |l samples using 17 regions
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Geneious Prime (Neighbour-Joining Tree)

» Differentiation within 131 type Il samples
(including isolates and clinical samples)

> lon AmpliSeq: 115 different profiles
» MS typing: 115 different profiles

Example: Results of
one abortion outbreak
in a sheep flock

700

00 50
LTI TETE T R

750 782
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Analytical sensitivity

AmpliSeq Typing
Serial dilution of the reference ME49 DNA Dilution PCR Cycles “CVEred Regions Covered Regions - Covered Regions -

- Replicate 1 Replicate 2 Replicate 3
e Quantification of the amount of DNA by gqPCR 1 ng/ul { 101 24 17 17 17
[Ct 23.8] 101 26 17 17 17
» Cq values: 23.8, 27.4, 30.3 101 28 17 17 17
 Different cycling conditions in multiplex PCR 0.1 ng/pl 10° = L7 L 17
- ) [Ct 27.4] 10 26 17 17 17
« Three repetitions of the experiment 107 28 17 17 17
0.01 ng/ul 103 24 12 10 9
[Ct 30_3]” { 10 26 14 13 9
103 28 16 15 14
Results MS Typing
« Reduced coverage of targets only in the 3" dilution WA False typing Typing not possible

_ _ _ T

« Better coverage by using more cycles in multiplex PCR |

o Sensitivity comparable to the MS typing technique
(increased proportion of typing failures in 3" dilution;

0.01 ng/ul [Ct 30.3 in gPCR])

[——

Proportlon of results

II'i i

DNA dllutlon factor
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Conclusion

WP5

A large collection of isolates and samples was established

 How to make this collection permanently assessible to other researchers in future?
(Do we need a European Biological Resources Centre?
-> Example: Biological Resources Centre for T. gondii in Reims, France)

Guidelines for MS Typing were established which allows harmonization of results

An AmpliSeq typing method was established which...
e has a high typing resolution among European T. gondii type Il samples
e Is easy to extend in future and can be automated

e appears promising for tracing infection sources in outbreaks and for detecting recombinant and
non-archetypal strains
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Thank you for your
attention!

y @OneHealthEJP
in Jcompany/h2020-One-Health-EJP

@ OneHealthEJP.eu

This presentation is part of the European Joint Programme One Health EJP. This programme has received funding from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement No 773830.



Why did we use the lon AmpliSeq platform?
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We decided to use lon AmpliSeq
technology because...

Well established reagents and commercial kits
are available

Typing tool is flexible allowing
to add more marker regions
(up to 24.000 primer pairs possible!)

Technology is widely available and used by
clinical researchers

(E.g. cancer diagnosis, oncology, typing
COVID19)

separate prime

Multiplex PCR on
18 targets (marker regions) using two

r panels

¢

Optional:
automation
using lonChef .

o=

AmpliSeq
barcoded
library
construction

Template
preparation
and chip
loading

s

= Sequencing using either

— f PGM or lonS5 se

quencers

@

a8
N

Optional: Automate data analysis using

TorrentSuite S

oftware

and output generation using
lonReporter Software

Data analysis
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Task 5.3: European-wide study

= European laboratories contacted to .
send samples < -3
4 - n=1396 samples received, tested
Maike Joeres, for positivity and analyzed by
T microsatellite typing ogel U -
= |n total n=599 (42.9%) positive : """" -
= |n total n=215 (15.4%) completely ™ -
e MS typable (i.e. at all 15 MS regions
Sr? i?lerrosrilizeF(I:I_cla typed) “ Ne7 .
Himoges = For n=174/215 of these precise o ) S

N
South @ Type 1 variant
East @ Type I1I

geographic origin was provided

West

= Geographic data is missing for
some countries

= Predominance of type Il
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