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Supplementary Materials

Table S1. Geographical origin, accession reference number and year of collection of sequences from Globodera species used
in either in silico or in the laboratory evaluation to verify the specificity of the primers.

GenBank Accession

Globodera Species Number Origin Collection Code/Year
EU855120 Poland * 2008
MK?791260 Coimbra 650P 2014
MK791261 Montalegre 5244 2015
MK791262 Montalegre 5245 2015
MK791263 Viseu 9996 2018
MK791264 Mirandela 14598 2018
MK?791265 Mirandela 14600 2018
MK791266 Braganca 14601 2018
MN493786 Montalegre 13486 2017
MN493787 Chaves 8850 2016
MN493788 Viseu 9610 2017
MN493789 Viseu 5967 2016
MN493790 Viseu 7047 2017
MN493791 Odemira 3663 2018
MN493792 Aveiro 7913 2018
MT251880 Coimbra 1252 2019
MT251881 Montalegre 1681-2 2019
MT251882 Montalegre 1681-6 2019
MT251883 Chaves 1681-7 2019

Globodera MT251884 Mirandela 1681-10 2019
rostochiensis MT251885 Melgago 1249-1 2019
MH820358 Australia Aust02 2018

MH820359 Australia Aust03 2018

MHS820360 Australia Aust14 2018

MHS820361 Australia Aust21 2018

LC030412 Japan:Hokkaido, Kutchan  Kutchan-1 clone: No.2 2018

LC030413 Japan:Hokkaido, Kutchan =~ Kutchan-1 clone: No.3 2018

LT159836 Algeria 31_72Gr 2017

KP283532 Kenya: Central region KEN_001 2015

KP283533 Kenya: Central region KEN_002 2015

KP283534 Kenya: Central region KEN_003 2015

KJ409617 Russia GRRUS1 2014

KR057953 Belgrade Belgrade 2014

KC508108 Tomanj, Serbia Tomanj 2010

KC508109 Tomanj, Serbia Tomanj 2010

KC508110 Teocin, Serbia Teocin 2010

KC508111 Gojna Gora, Serbia Gojna Gora 2008

KJ409612 Slovakia GRSVK1 2014

KJ409614 Slovakia GRSVK2 2014

KJ409616 Slovakia GRSVK4 2014

Globodera FJ667946 * N-087 2009
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tabacum MN508956 Netherlands NL:c6876 2018
GQ294525 USA: Connecticut 119-1-110 2011
LC096097 Japan kita 2015

Peru
AF016866 Peru (Bolivian border) 1998
EU006704 Huancabamba, Peru huancabamba 2008
EU006705 Amantani, Peru amantani 2008
AF016867 Tiabaya, Peru Tiabaya, Peru 1998
EU006706 Cusco, Peru cusco 2008
DQ097514 Argentina * 2006
EF153834 Chile * 2007
EF622533 New Zealand Gp-NZ 2008
EF153836 USA: Idaho * 2020
AF016869 Northern Ireland Northern Ireland 2008
DQ847110 UK: Risby clone = 2-Cb 2006
EF153838 UK: York * 2020
DQ847109 UK: Risby clone 1-Bb 2006
Globodera AF016871 Spain Spain 1998
pallida AJ606687 Ukraine:Uzhhorod * 2004
AF016870 Romania Romania 1998
MN475961 Viseu 3876 2014
MN475962 S. Magos 4261 2016
MN475963 S. Magos 15731 2018
MN475964 Vagos 9993 2018
MN475965 Montalegre 14002 2017
MN475966 Esposende 5087 2016
MK791517 Penafiel 4694 2015
MK791518 Viseu 5961 2016
MK791519 Guimaraes 11309 2018
MK791520 Mirandela 14593 2018
MK791521 Mirandela 14599 2018
MT251890 Vagos 1223-7 2019
MT251891 Aveiro 1223-8 2019
MT251892 Mira 1086-3 2019
AY090883 Bouro, Portugal Bouro 1997
AY090882 Canha, Portugal Canha 1997

Globodera ] .
n. sp. AY090884 Ladoe.llro, Portugal Ladoeiro 1997
MNb512244 Montijo, Portugal 12031 2018
MT256387 Lagamecas, Portugal 1479-2 2019
EU006709 Peru strain tlaxcala 2008
HQ260406 Mexico CDb514 2011
Globodera MN116522 Mexico CD1891b 2019

mexicana
MN258873 Mexico CD2792a 2019
MN258874 Mexico CD2792b 2019
GQB896544 Oregon 1813 2011
GQ896547 Idaho 347 2011
Globodera

ellingtonac JE739916 Oregon 1838 2012
JF739928 Oregon 1804 2012
JF739934 Oregon 1812 2012

* Data not available.
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Table S2. Results of protocols for Globodera pallida LAMP optimization assays.

Primer Volume (uL)
A l’f’ t' TMelling
mplification
Master Mix | F3, B3 FIP. BIP P Heat- Set of . . .
Protocol a ’ Temp (°C), . . Results: Amplification Time (s) Melting Temperatude (°C)
(15 pL) . (C . . Cooling | Primers
C - Lonc. Time (min)
onc. (°C)
50 uM)
50 uM)
G. pallida = 16:25; 15:50 G. pallida =91.2;91.6
A 0.80 60, 60
0.10 Globodera n. sp. =n/a; n/a Globodera n. sp. =n/a; n/a
Set 1 Heterodera sp. =n/a; n/a Heterodera sp. =n/a; n/a
B 0.60
G. tabacum =n/a; 05:49 G. tabacum =n/a; n/a
C1 65, 20
1SO-004 0.80 95-75
’ G. pallida =17:37; 16:53 G. pallida = 89.8; 90.1
C Set 2a
G. tabacum =n/a; n/a G. tabacum =n/a; n/a
G. pallida =n/a; 19:16
D 0.15 0.40 65, 20
G. tabacum =n/a; n/a G. tabacum =n/a; n/a
Set 1
E 0.60 65, 20
G. pallida = n/a; n/a; n/a G. pallida = 89.2; 89.3; 89.2
F 0.80 64, 20 Set 2a .
G. pallida = 89.5; 88.8; 90.2
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G 0.12 66, 20
G. tabacum =n/a; n/a; n/a; n/a G. tabacum =90.0; n/a; n/a; n/a
- 015 G. pallida = 19:06; 18:07 G. pallida = 89.4; 88.9
' G. pallida =17:19; 15:57 G. pallida = 89.4; 90.0
0.90 64, 20
I 012 G. pallida =19:28; 19:06 G. pallida =89.2; 88.7
' G. pallida = 17:51; 18:39 G. pallida =89.2; 89.7
G. pallida = 27:20; 28:06 G. pallida =89.1; 89.2
G. pallida = 26:00; 26:53 G. pallida =89.1; 88.9
J 64, 30
G. tabacum =n/a; n/a
Heterodera = n/a Heterodera =n/a
G. pallida = 29:33; 27:08 G. pallida =90.3; 90.4
K G. pallida = 30:08; 28:53 G. pallida =90.4; 90.0
1
G. tabacum =90.1; 90.7
G. tabacum = 88.6
G. pallida = 18:02; 19:01 G. pallida = 89.6; 89.6
Set 2a +
Kz 1SO-001 0.15 0.80 G. tabacum =n/a; n/a
MgClL o o
G. rostochiensis =n/a G. rostochiensis = n/a
64, 60 G. pallida = 23:37; 22:13 G. pallida = 89.3; 89.4
. G. pallida = 25:33; 22:14 G. pallida = 89.8; 89.8
1
G. pallida = 23:47; 31:05 G. pallida = 89.8; 89.8
G. pallida = 24:46; 27:34 G. pallida = 89.8; 89.8
95 - Set 2a
G. pallida = 29:30; 36:24 G. pallida =91.25;91.4
L G. tabacum =n/a G. tabacum =n/a
2
G. rostochiensis =n/a G. rostochiensis = n/a
Heterodera = 31:06 Heterodera = n/a
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Kz
L1

1SO-001
Lo
M

1SO-004
Mz

G. pallida = 18:02; 19:01

G. pallida = 89.6; 89.6

64, 20

G. pallida =17:36; 17:47; 17:32
G. tabacum = 19:52; 19:07
G. rostochiensis = 18:59
Globodera n. sp. =17:55; 18:50
Heterodera sp. = 19:04; 18:57

Set 2a +
G. tabacum =n/a; n/a
MgCl . o
G. rostochiensis = n/a G. rostochiensis = n/a
G. pallida = 23:37; 22:13 G. pallida = 89.3; 89.4
G. pallida = 25:33; 22:14 G. pallida = 89.8; 89.8
G. pallida = 23:47; 31:05 G. pallida = 89.8; 89.8
G. pallida = 24:46; 27:34 G. pallida = 89.8; 89.8
G. pallida = 29:30; 36:24 G. pallida =91.25;91.4
G. tabacum =n/a G. tabacum =n/a
G. rostochiensis =n/a G. rostochiensis = n/a
Heterodera = 31:06 Heterodera =n/a
95 -85 Set 2a

G. pallida = 89.7; 89.6; 89.6
G. tabacum =n/a; n/a
G. rostochiensis = n/a

Globodera n. sp. =n/a; n/a

Heterodera sp. = n/a; n/a

G. pallida =17:55; 18:31; 18:07
G. tabacum =19:11; n/a

G. rostochiensis =n/a

G. pallida =90.1; 89.9; 90.1
G. tabacum =n/a; n/a

G. rostochiensis =n/a

; Green: expected result after changing protocol; Black: expected result.

Figure S1. (A) and (B) LAMP designer tool Primer Explorer V5 (Eiken Chemical Co. LTD, Tokyo, Japan) outcome primers sets.
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A

PrimerSet List

Primer set: sorting rule [None]

Target DNA cCTe! TTGTTGACES ACACATGCCC GCTATGTTT
(Complement) sacaac
CONSENSUS (*)
Erimer ID 4G

I}

TIGE

CCGA!

TEGCCC AR C TCGR

CTGTTGT:

TCTETECEIC

GGC GTRTGGAC Al ceT CBGETCGCTG CRCCRACGER GETGECACEC CCACAGGGCR CCCTRAC
GG tgTgtacggy Cgatacaaac CogaGCgLUL tacataccty £CgCgggaca CGOELUTAGT CAGAaccsCa CAatLggctac aaccaccggy LLacccactg agotgctaac gacaacagca goGGagcgac gtggttgcst CORCCYTIS JUtULCGCQt gUgattgccy acacgaccgc agacacgcag caa
AEERRERERE RRAARREAFE KEERREIERR RRANKRIAAN KRARRRAAAR RRARARIANN FRAKRSRRAA AFRAREIAAR RRARKAERAF KAAREATAR RERAAEEARE FAAARRAANR KAAARESAAN ARAAARGANE RAAAARRAAR AERARATERR ARAAARTALE KRERARIEAR RRANARRANE KRAAARIAAR RRRAREIAAR AE3

11 21 31 41 51 &1 71 111 121 131 141 151 181 171 181 121 20

211 221

1 GCTRTGTTIE GGCT Tt tacatacoty togeggga T gCTEEC gACEACEQCE OC [

21 gt tacatacctg tegeggge T Gacagoa goccageods [21

[31 [31 gggaca coogrgtact cac TCGACGATIG CTGTIG T gUQUaTTOCCy acecga
[41 3] cgggaca cecgrgTact ca TCGACEATTE CTETTE T gogatToccy aczega
[s1 51 cgggaca cocgrgTact ca & CTGTTG T acacge
161 61 cgggaca cocgrgTact ca T acacge
71 71 cgggaca CocgTgTact ca © acacga
[e] coogtgtact ca GTGAC TCGLCGATTE € acacga
2] L ATGTATGEAC 16 © cacaaccocca cattggotac GETGAC TCGACGATTE € acacga
[10] GTATGEAC A5 cacascosca Cattggoiac a € acacgs
[11] TGTATGEAC A5 20230Co0a CAattggoiac aac € acacgs
[12] c GEECACATER 6T gotac aaccaccggy tTaccBTEAC © gggsttgecyg acacgs
[13] > GGECACATE getac aaccaccggy TTacoGIGAC TCEACGATTE CTGITET T gggetTgscy acacga
[14]1 TJT TECETECSLY togogges T GGGCACA gCTEEC gACEACEQCE OC

[1s1 7 gt tacataccty Togougo: CR Gacagoa goccageods

[1g] 2.03 [18] JUYRCE COCUTOTACT CaC C CTGITGT acacga
(171 .09 [17] cgggaca ceecgrgtact GTGLC TCGALCEATTE CTGTTET acacge
[18] .09 [18] caggaca GTGLC TCGALCEATTE CTGTTET acacga
r1s] -1.71 [12] cgggaca CocgTgTact ca CTETTET acacga
[20] cgggaca cocgtgtact ca @ CTGTTGT acacga
[21] .7 cgggaca cocgtgtact ca CTGTTGT acacga
[22] .32 L ATGTATGEAC © cacazccoca cattggoiac CTGTTET acacgs
(23] .32 \TGTATGEAT cacasccoca Cattggorac a CTETTET acacgs
[24] 32 TGIATGEAC 2 2223CCCCE CATIPECTEC aac @ CTGTTGT acacgs
r2s] -2.01 IC GT CTGITEIC acacge
Target DNA CCTCCETITE GCTAIGIT CRACR AIGIATGGAC GIGTIGGGET C RATGGGTGARC CIGTIGICGT CGGEICGCTG CACCARCGGR GG CCCTARCGGC TGTECTEECE ICTEIGCGIC GIT
Primer ID 4G (dimex)l 31 61 7 121 141 151 16l 1 181 20 211 221
(28] getac aaccaccggg ttace TGAC TCGRCGATIG CIGTIGIC T Jogattgccy acacgs
1271 GOTATETT tacatacety tozeggoa TTGE cc gotazc gacazcages oo [z7]

rzz] T GOTATETTTR gt tacatacetg tegeggga T STGTTGEES aacages goccageza rzz]

rzs] r2e] GCT: gggaca caz TCGLCGATTS CTGTIGTC T gggattoceg aczega
[30] [30] cgggaca ca TCGACGATTS CTGTIGTC © gggattoceg acacaa
[31] [31] cgggaca cocgigtact ca TCGACGATTS © gggattgceg acacga
[32] [32] cgggaca cocgigtact ca TCGACGATTS © gggattgceg acacga
[33] [33] cgggaca cocgigtact ca © gggattgoeg acacga
[34] [34] e ACA T sgggaca ca ¢ TCGACGATTS © gggattgscg acacga o
[35] [35] e A ATGTATGGAC 2 cacascosca Catiggotac TCGACGATTS © gggattgccg acacga
[386] [36] e ATGTATGEAC CaCasCCocE CATIgESIac a © gggattgccg acacga
[37] 1271 z 3 TETATGEAC 2 2cascooce CaTiggoiac a © gggsttgccy acacgs
[3g] GEECACATE getac aaccaccggy TTaCGTGAC T gggsttgscy scacga o
[38] [3g] T GEECACH getac aaccaccogy TTaceET T gggatToccy acacds
reo1 T CCC GCTRIGIT T tacatacsotg togeggga T gacaacagea goc reo1

[411 TG TT GCTRTGITIG gt Tacataccty togcago: CCG BECATCR gOCCATCTS [411

r4z] -2.33 [42] G GITIG gggaca cocgtgtact CIGTIG T gggattgccg acacga
[43] -1.71 [43] cgggaca ceegrgract T gogartoecy aczega
[44] 1 [44] cgggaca cocgrgtact cac T gggattoceg aczega
[4s] .71 [45] cgggaca cocgrgtact cac T gggattoceg aczega
[48] L7100 [46] cgggaca cocgrgtact cac T gggattoceg aczega
[47] 1 471 AC = ACR T cgggaca cocgngTact cac © gggattgseg acacga o
[48] [2€] A ATGTATGGAC RGCECCCT t cacazccocca catiggotac a © gggattgceg acacga
[48] [42] GTATGGAC 2 cacasccoca catiggotac aa TCGACGATTS © gggattgoeg acacga
[50] gotac aaccaccggy tTacc TGAC TCGACEATTE © gggattgccg acacga
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B

Target DNA CCTCCGTTTE TTGTTEACES ACACATGOCC GOTATETTIC GGCTEECACE T LTGTATGGAC AGCECCCTET GGGLACATER GTGTIGGEET CGATE TTGETEGCCC ARTEECTGAC TCGACGATTS CTGTIGTCST CGGETCGCTE CACCALCGS CL COCTARCGEC TGTECTGGOG TCTETGCGTE BTT
Primer ID GG (simes)l 11 21 31 a £l 71 111 131 141 151 161 121 201 211 221
[s1] -2.01 CCTET gotac aaccaccggy ttace TGAC TCGACGATTS CTGTIGIC t gggattgceg acacga [51]
[s21 -2.1 tacatacctg togegggs T gctaac gacaacagca goc [sz1
(s3] -z.27 tacatacstg togoggga T azcagos goccagags 53]
[s4] -2.33  [54] gggaca cecgtgtact cac TCGACGATTE CTGTTET t gggattgeey acacga [54]
551 -2.09 [53] cgggaca ccogtgTact cac C TCGACGATIG CTGTIGT < gggattgccg acacga
[56] -2.08  [58] cgggaca cocgtgtact cac TCGLCGATTE CTGTTET © gUgEtLgocy acacga [56]
1571 -1 1571 cgggaca cecgtgtact cac TCGLCGATTE CTETTET T gggattgeey acacga
[se] -1 [se] cgggaca cocgrgTact cac TCGACGATTE CTGITET T ggyaTTgocy scacga [se]
se] 1 cgggaca cocgtgtact cac TCGLCGATTE CTGTTET t gggattgceg acacga rse]
reol 2 RIGTRTGGE T BCCH cattggctac & C TCGRCGATTG CTIGTIGT T ggogattgceg acacga [e01
[61] ATGTATGEAC cacazcosca Cattggoiac as GTEAC CTGTTGT © gUgEtLgocy acacga [61]
621 GT getac azccaccggy TTaceGTGAC CTETIGT T gggattgeey acacga re21
[63] gctac aaccaccggg ttaccGTGAC CTGTTGT < gggattgccg acacga [63]
[64] tacatacotg togoggga TTEGEET c gacazcagez goo = [64]
[6s1 Tacaraccig togcgdgga GTGTIGEGET G aacagea goccagoga [&5]
[66] gggaca cocgtgTact cac TGAC TCGACGATTE CTGTIGTC T JUYETIEOCT 2cECgA
(671 cgggaca cocgtgtact cac TGAC TCGACGATTE CTGTTGTC t gggattgceg acacga
e8] cgggaca ccocgtgTact ca C TCGACGATTG CTGTIGIC < gggattgccg acacga
[62] cgggaca cocgtgtact cac TCGACGATTE CTGITGIC © gUgEtLgocy acacga
701 cgggaca cecgtgtact cac TGAC TCGLCGATTS CTGTIGTC T gggattgeey acacga
(711 cgggaca cocgrgTact cac TGAC TCGACGATTE CTGTIGIC T ggyaTTgocy scacga
(721 " ATGTATGGAC AGCECCCT t cacazcocca cattggstac a TGAC TCGACGATTE CTGTTGTC t gggattgceg acacga
731 GTRTGGAC AGC cacaacccca cattggotac as TGRC TCGACGATTG CTIGTIGIC T ggogattgceg acacga
(741 -2.01 [74] CCTET BGECACK goTac 2aCcaSCgIg TCGACGATTE CTGITGIC © gUgEtLgocy acacga
1751 -2.01 1751 COTET GGECACH getac aaccaccogy TGAC TCGLCGATTS CTGTIGTC T gggattgeey acacga
Target DNA ACACATGOCC GCTATETTIC GGCTEGCACA TTGATCARACL ATGTATGGAC AGCECCCTET GGGCACH TTEGGET ACCGRT STEGCCC 2 TCGRCERTTE CTGTIET CEGETCGCTE CACCALC GETEECRCGT CCACAGGGLA COCTALCGSD TETECTGSCE TCTETECGTC GTT
Primer ID dGidimex)l 11 21 31 51 &l 71 81 1 111 131 lel 1e1 181 201 211 221
G 2 C GCTATETTTE GGECT tgt tacatacotg tcgoggga ACAT GITEGEET ac [76]
= GGCTGGCACA TTGA Jggaca CoCgLOtact cac C TCGRCGATTG T gggattgccyg acacga
TTGET gggaca cocgrgTact cac C TCGACGAITE T gggattgcocg acacga
gggaca cocgtgtact cac TCGRCGAT © gogattgoeg acacga
gggaca cocgrgtact cac TCGRACGAT T gggattgccy acacga
cocgtgtact cac TCGACERTTE © gggattgocg acacga
L ATGTATGGEE caczaccoca cattggotac & TCGACGRTTE t gogattgeey acacga
ATGTATGGAC 3 acaacccca cattggotac aac \C TCGACGATTG © gggattgccg acacga
gt tacatacstg acaren TTEGEET GTALCC ac [e4]
cocgrgract cac TCGRCGAT T gogattgeey acacga
cccgrgTact cac TCGACGAITE T gggattgcocg acacga
cocgtgtact ca TCGACGRTTE © gogattgoeg acacga
ccegrgTact cac C TCGRCGATTG T gggattgccy acacga
cocgtgtact cac TCGLCGATTE T gOgatLgSocg acacga
L ATGTATGGEE caczaccoca cattggotac & TCGACGAT t gogattgeey acacga
LTGTATEGE 2C22CCSCE CATTPICTAC 230 C TCGRCGAT T gggattgcocg acacga

GECT gt tasatacotg LCATEL GTGITEGGET GTALCC gotzac rez]

GGCTGGCACR TTGA gggaca ccogtgract cac C TCGACGATIG © gggattgccg acacga 1831
gggaca cocgtgtact cac TCGACGRTTE © gogattgoeg acacga re4]
gggaca ccogtgtact ca C TCGACGAT © gggattgccg acacga [e5]
gggaca cocgtgtact cac TCGACGAT © gogattgocg acacga =D
gggaca coogrgTact cac TCGRCGRTTG T gogatTgccg acacga [e71

2 ATGTATGGAC AGCECCCT cacaaccoca Cattggotac & TCGACERTTE © gggattgocg acacga ree]
RIGTRTGGAC AGC acsacccca cattggcerac aac C TCGRCGATTG T gggattgccyg acacga 9291
C GCTRIGTTIE GGECT Tgr tacatacsotg tegoggga GIGTIGGGET GTAACC gozaac [100]
[outputs: 222 secs]  Displayed 1 - 1 Designid 191014234
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