GIfENETIC VARIABILITY, POPULATION STRUCTURE, AND MUTATION PROFILING OF Phytophthora
infestans IN

OXATHIAPIPROLIN FUNGICIDE RESISTANCE

Ade Mahendra Sutejo, Prof. Ani Widiastuti, S.P., M.P., Ph.D.; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Tri Joko, S.P., M.S

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

REFERENCES

Adiyoga, W. 2009. Cost and benefits of late blight resistant potato in Indonesia. In
G.W. Norton, D.M. Hautea, (Eds.) Projected impacts of agricultural
biotechnologies for fruits and vegetables in the Philippines and Indonesia (pp.
86-104). ISAAA Press, Los Banos, Philippines. Retrieved December 15, 2024,
from
https://www .isaaa.org/resources/publications/projectedimpacts2009/downloa
d/projected_impacts_2009-complete.pdf

Aini, K.H., 2012. Produksi tepung kentang. Skripsi. UPI- Jakarta.

Agho, C. A., Sliwka, J., Nassar, H., Niinemets, U., & Runno-Paurson, E. 2024.
Machine learning-based identification of mating type and Metalaxyl response
in Phytophthora infestans using SSR markers. Microorganisms, 12 (5): 982.
https://doi.org/10.3390/microorganisms 12050982

Agrios, G.N. 2005. Plant Pathology. 5 ed. Elsevier Academic Press, London, UK,
922pp.

Alkemade, J. A., Hawkins, N. J., Baraldi, E., Buddie, A. G., Cockerton, H. M., Corkley,
|., Fraaije, B. A., Gaya, E., Gifford, D. R, Hartig, F., Kanyuka, K., Koch, A,
Nifio Sanchez, J., Preston, G. M., Seidl, M. F., Spanu, P. D., Wemer, B. T.,
Lyu, J., & Barraclough, T. G. 2025. Leaming from fungicide resistance:
Evolutionary insights to guide RNAi-based control of fungal crop pathogens.
Fungal Biology Reviews, 53 (100443): 1-10. https://research-
portal.uu.nl/ws/files/270214223/1-s2.0-S1749461325000338-main. pdf

Andreassi, J.L., Il, Gutteridge, S., Pember, S.O., & Sweigard, J.A. 2013. Detection
and Screening method and materials useful in performance. International
Patent No. W02013009971. World Intellectual Property Organization,
Genewa. Viewed on 20 June 2025,
https://patents.google.com/patent/\WWO2013009971A1/e
(https://patentimages.storage.googleapis.com/7b/07/4f/4ea45bc5f31b7d/WO
2013009971A1 .pd)

Andrivon, D. 19935. Biology, ecology, and epidemiology of the potato late blight

pathogen Phytophthora infestans in soil — mini review. The American
Phytopathology Society, 85 (10): 1053-1056. https://doi.org/10.1094/Phyto-
85-1053

Andrivon, D., Montarry, J., Corbiére, R., Pasco, C., Glais, I., Marquer, B., Clemant,
J.AJ., Castel, M., & Hamelin, F.M. 2013. The hard life of Phytophthora
infestans: When trade-offs shape evolution in a biotrophic plant pathogen.
Plant Pathology, 62 (1): 1-8. https://doi.org/10.1111/ppa.12164

Atoui, A., & El Khoury, A. 2017. PCR-RFLP for Aspergillus species. In A. Moretti & A.
Susca (Eds.), Mycotoxigenic fungi: Methods and protocols (Methods in
Molecular Biology, Vol. 1542, pp. 313-320). Springer.
https://doi.org/10.1007/978-1-4939-6707-0_20



GIfENETIC VARIABILITY, POPULATION STRUCTURE, AND MUTATION PROFILING OF Phytophthora
infestans IN

OXATHIAPIPROLIN FUNGICIDE RESISTANCE

Ade Mahendra Sutejo, Prof. Ani Widiastuti, S.P., M.P., Ph.D.; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Tri Joko, S.P., M.S

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Babarinde, S., Burlakoti, R. R., Peters, R. D., Al-Mughrabi, K., Novinscak, A.,
Sapkota, S., & Prithiviraj, B. 2024. Genetic structure and population diversity
of Phytophthora infestans strains in Pacific western Canada. Applied
Microbiology and Biotechnology, 108 (1): 237. https://doi.org/10.1007/s00253-
024-13040-6

Beninal, L., Bouznad, Z., Corbiere, R., Belkhiter, S., Mabon, R., Taoutaou, A.,
Keddad, A., Runno-Paurson, E., & Andrivon, D. 2022. Distribution of major
clonal lineages EU_13_A2, EU 2 A1, and EU_23 A1 of Phytophthora
infestans associated with potato late blight across crop seasons and regions
in Algeria. Plant Pathology, 71 (3): 458-469.
https://doi.org/10.1111/ppa.13471

Bittner, R., & Mila, A.L. 2017. Assessing the resistance potential of Phytophthora
nicotianae, the causal agent of black shank of tobacco, to oxathiapiprolin with
laboratory mutants. Crop Protection, 102: 63-71.
http://dx.doi.org/10.1016/j.cropro.2017.08.002

BPS. 2023. Produksi tanaman sayuran, 2023, viewed 15 June 2025,
https://iwvww bps.go.id/id/statistics-table/2/NjEjMg==/produksi-tanaman-
sayuran.html

Brent, K.J., & Hollomon, D.W. 2007a. Fungicide resistance in crop pathogens: how
can it be managed? 2™ ed. Croplife International, Brussels, Belgium, 56 pp.
Retrieved December 1%, 2024 from hitps://www.frac.info/docs/default-
source/publications/monographs/monograph-1.pdf?sfvrsn=769d419a_8

Brent, K.J., & Hollomon, D.W. 2007b. Fungicide resistance in crop pathogens: the
assessment of risk. 2" ed. Croplife International, Brussels, Belgium, 53 pp.
Retrieved December 15!, 2024, from, https://www.frac.info/docs/default-
source/publications/monographs/monograph-2.pdf?sfvrsn=749d419a_8

Brylinska, M., Sobkowiak, S., Stefanczyk, E., & Sliwka, J. 2018. Evaluation of PCR
markers for Phytophthora infestans mating type determination. European
Journal of Plant Pathology, 152 (6): 33—44. https://dx.doi.org/10.1007/s10658-
018-1445-4

Chen, X, Liu, J., Gao, Y., Zhang, Y., Zhang, Q., Wang, J., & Dong, S. 2022. Genomic
plasticity and adaptive evolution drive virulence variation in Phytophthora
infestans. Molecular  Plant  Pathology, 23 (8): 1066-1081.
https://doi.org/10.1111/mpp.13223

Chen, L-L., Waheed, A., Wang, Y -P., Nkurikiyimfura, O., Wang, Z.-H., Yang, L.-N.,
& Zhan, J. 2022. Mitochondrial genome contributes to the thermal adaptation
of the oomycete Phytophthora infestans. Frontiers in Microbiology, 13:
928464. https://doi.org/10.3389/fmicb.2022.928464

Chistiakov, D.A, Hellemans, B., & Volckaert, F.A.M. 2006. Microsatellites and their
genomic distribution, evolution, function and applications: A review with
special reference to fish genetics. Aquaculture, 255: 1 - 29.
https://www .vliz.be/imisdocs/publications/280208.pdf



GIfENETIC VARIABILITY, POPULATION STRUCTURE, AND MUTATION PROFILING OF Phytophthora
infestans IN

OXATHIAPIPROLIN FUNGICIDE RESISTANCE

Ade Mahendra Sutejo, Prof. Ani Widiastuti, S.P., M.P., Ph.D.; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Tri Joko, S.P., M.S

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Choi, J.G., Hong, S.Y., Kessel., G.J.T., Cooke, D.E.L., Vossen, J.H., Cho, JH., Lm,,
JS., Park, YE., & Cho, KS. 2020. Genotyping and phenotypic
characterization of Phytophthora infestans in South Korea during 2009 — 2016
reveals clonal reproduction and absence of EU_13_A2 genotype. Plant
Pathology, 69 (5): 932-943. https://doi.org/10.1111/ppa.13178

Cohen Y. 2024. Population Structure of Phytophthora infestans in Israel Changes
Frequently Due to the Import of Asymptomatic Late Blight-Infected Potato
Seed Tubers from Europe. Journal of Fungi, 10 (8): 549.
https://doi.org/10.3390/jof 10080549

Cooke, D. E. L., Drenth, A_, Duncan, J. M., Wagels, G., & Brasier, C. M. 2000. A
molecular phylogeny of Phytophthora and related oomycetes. Fungal
Genetics and Biology, 30 (1): 17-32. https://doi.org/10.1006/fgbi.2000.1202

Cooke, L. R, & Little, G., 2002. The Effect of Foliar Application of Phosphonate
Formulations on The Susceptibility of Potato Tubers to Late Blight. Pest
Management Science, 38 (1): 17 — 25. doi: 10.1002/ps.408

Cooke, D.E.L., & Lees, A.LK. 2004. Markers, old and new, for examining Phytophthora
infestans diversity. Plant Pathology, 53 (6): 692-704.
https://doi.org/10.1111/j.1365-3059.2004.01104 .x

Cooke, D. E. L., Cano, L. M., Raffaele, S., Bain, R. A., Cooke, L. R., Etherington, G.J.,
Deahl, K.L., Farrer, R.A., Gilroy, E.M., Goss, E.M., Grunwald, N.J., Hein, 1.,
MaclLean, D., McNicol, JW., Randall, E., Olivia, R.F., Pel, M.A., Shaw, D.S,,
Squires, J.N., Taylor, M.C., Vleeshouwers, V.G.AA., Birch, P.R.J., Less, AK,,
& Kamoun, S. 2012. Genome analyses of an aggressive and invasive lineage
of the lrish potato famine pathogen. PLoS Pathogens, 8 (10): €1002940.
https://doi.org/10.1371/journal.ppat. 1002940

Dangi, S., Wharton, P., Ambarwati, A.D., Santoso, T.J., Kusmana, Sulastrini, I.,
Medendorp, J., Hokanson, K., & Douches, D. 2021. Genotypic and phenotypic
characterization of Phytophthora infestans population on Java, Indonesia.
Plant Pathology, 70 (1): 61-73. http://dx.doi.org/10.1111/ppa.13269

Day, J.P., & Shattock, R.C., 1997. Aggressiveness and Other Factors Relating to
Displacement of Populations of Phytophthora infestans in England and Wales.
European Journal of Plant Pathology, 103 (4), pp.379-391, viewed 10

December 2024, from
https://www proquest.com/docview/8215682407?sourcetype=Scholarly%20Jo
urnals

Deahl, K. L., Inglis, D.A., & DeMuth, S.P. 1993. Testing for Resistance to Metalaxyl in
Phytophthora infestans Isolates from Northwestern Washington. American
Potato Journal, 70 (11): T79-795.
https://link.springer.com/article/10.1007/BF02849105

Deahl, K.L., 2002. Population Changes in Phytophthora infestans in Taiwan
Associated with The Appearance of Resistance to Metalaxyl. Pest
Management Science, 58 (9): 951 — 958. https://doi.org/10.1002/ps.559.



GIfENETIC VARIABILITY, POPULATION STRUCTURE, AND MUTATION PROFILING OF Phytophthora
infestans IN

OXATHIAPIPROLIN FUNGICIDE RESISTANCE

Ade Mahendra Sutejo, Prof. Ani Widiastuti, S.P., M.P., Ph.D.; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Tri Joko, S.P., M.S

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Dey, T., Dwivedi, S.K,, Datta, S., Cooke, D.E.L., & Roy, S.G. Understanding the
temporal dynamics of invasive late blight populations in India for improved
management practices. Phytopathology, 114 (8): 1810-1821. doi:
10.1094/PHYTO-03-24-0082-R

Dong, S., Raffaele, S., & Kamoun, S. 2015. The two-speed genomes of filamentous
pathogens: Waltz with plants. Annual Review of Phytopathology, 53: 361-384.
https://doi.org/10.1146/annurev-phyto-080614-120121

Drenth, A., Tas, I.C.Q., & Govers, F. 1994. DNA fingerprinting uncovers a new
sexually reproducing population of Phytophthora infestans in the Netherlands.
European Journal Plant Pathology, 100 (2): 97-107.
http:/dx.doi.org/10.1007/BF01876244

Drenth, A. & Sendall, B. 2004. Economic impact of Phytophthora diseases in
Southeast Asia. In: Drenth, A. & Guest, D.I. (Eds.) Diversity and Management
of Phytophthora in Southeast Asia. ACIAR Monograph 114. Canberra,
Australia: Australian Centre for International Agricultural Research. pp. 10-28.
https://www .aciar.gov.au/sites/default/files/legacy/node/598/mn114-part1. pdf

Elansky, S.N., & Milyutina, D.I., 2007. Heteroplasmosis in Phytophthora infestans.
Russian Journal of Genetic, 43 (3): 333-336. doi:
10.1134/S1022795407030052

El-Aswad, A.F., Maher |. Aly, M.l., Alsahaty, S.A., & Basyony, A.B.A. 2003. Efficacy
evaluation of some fumigants against Fusarium oxysporum and enhancement
of tomato growth as elicitor-induced defense responses. Scientific Report, 13
(1), 2479-2491. https://doi.org/10.1038/s41598-023-29033-w

Ericsson, L. 2023. Fungicide resistance in Phytophthora infestans: resistance to
Mandipropamid and Oxathiapiprolin in Swedish field isolates. Master Thesis.
Swedish University of Agricultural Sciences, Sweden. Retrieved June 4",
2024 from https://stud.epsilon.slu.se/19926/11/ericsson-1-20240506.pdf.

EuroBlight. 2024. EuroBlight network. Retrieved 20 June 2025 from
https://www _euroblight net

Excoffier, L., & Lischer, H. E. L. 2010. Arlequin suite ver 3.5: A new series of
programs to perform population genetics analyses under Linux and Windows.
Molecular Ecology Resources, 10 (3): 564-567. doi: 10.1111/j.1755-
0998.2010.02847 .x

Fan, S.-B., Xie, M., Xiang, Z.-L., Xu, T.-X_, Wang, W.-J., Wang, Z.-H., Hu, H.-L., Chen,
L.-X., Tang, L., Zhan, J.-S., & Yang, L.-N. (2025). Rise and fall of Phytophthora
infestans resistance to non-specific fungicide in experimental populations.
Journal of Fungi, 11 (9): 643. https://doi.org/10.3390/jof11090643

FAO. 2008. Potato world: world potato production. Retrieved 20 June 2025 from
https://iwww fao.org/4/i0500e/i0500e03.pdf

FAO. 2023. Food and Agriculture Organization of The United Nation’s Data for Crops
and Livestock  Products. Retrieved 26 June 2025  from
https://www fao.org/faostat/en/#data/QCL/visualize



GIfENETIC VARIABILITY, POPULATION STRUCTURE, AND MUTATION PROFILING OF Phytophthora
infestans IN

OXATHIAPIPROLIN FUNGICIDE RESISTANCE

Ade Mahendra Sutejo, Prof. Ani Widiastuti, S.P., M.P., Ph.D.; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Tri Joko, S.P., M.S

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Fata, A., Berenji, F., Fattahi Bafghi, A., Parvizi, P., & Bordbar, A. 2009. Whatman
Paper (FTA Cards) for Storing and Transferring Leishmania DNA for PCR
Examination. Iranian Journal of Parasitology, 4 (1): 37-42.
https://www sid.ir/FileServer/JE/114920090405 .pdf

Feng, H., Liu, T., Li, J., Wan, C., Ding, F., Wang, Y., Zheng, X., & Ye, W. 2023. Gene
editing with an oxathiapiprolin resistance selection marker reveals that PuLLP,
a loricrin-like protein, is required for oospore development in Pythium ultimum.
Phytopathology Research, 5 (34): 1-11. https://doi.org/10.1186/s42483-023-
00189-7

Firdausiah, F.Z. 2022. Peramalan impor kentang Indonesia. Bachelor Thesis.
Universitas Islam Negeri Syarif Hidayatullah. Retrieved 25 June 2025 from
https://repository.uinjkt.ac.id/dspace/handle/123456789/63577

FRAC. 2023. Minutes of the FRAC OSBPI working group meeting. In fungicide
resistance action committee (FRAC) OSBPI working group meeting. Basel,
Switzerland. Retrieved December 10™, 2024, from
https://iww frac.info/docs/default-source/working-groups/osbpi-wg/frac-
osbpi-wg-meeting-minutes-recommendations-for-2023---3-april-
23.pdf?sfvrsn=8a594e9a_4

FRAC. 2024. Protocol of the discussions and recommendations of the CAA working
group of the fungicide resistance action committee (FRAC). In annual Meeting
Season 2023, Carboxylic acid amides (CAA) working group. Frankfurt,
Germany. Retrieved June 4™ 2024, from, https://iwww.frac.info/docs/default-
source/working-groups/caa-fungicides/caa-wg/minutes-of-the-2024-caa-
meeting-recommendations-for-2024 .pdf?sfvrsn=13eb4e9a_2

Fry, W. E., Goodwin, S. B., Dyer, A. T., Matuszak, J. M., Drenth, A, Tooley, P. W.,
Sujkowski, L. S., Koh, Y. J., Cohen, B. A., Spielman, L. J., Deahl, K. L., Inglis,
D. A, & Sandlan, K. P. 1993. Historical and recent migrations of Phytophthora
infestans: Chronology, pathways, and implications. Plant Disease, 77 (7):
653-661.
https://www.apsnet.org/publications/plantdisease/backissues/Documents/19
93Articles/PlantDisease77n07_653.PDF

Fry, W.E., & Goodwin, S.B. 1997. Re-emergence of potato and tomato late blight in
the  United  States. Plant Disease, 81 (12):  1349-1357.
https://doi.org/10.1094/PDIS.1997.81.12.1349

Fry, W. E. 2008. Phytophthora infestans: The plant (and R gene) destroyer. Molecular
Plant Pathology, 9 (3): 385402. https:/doi.org/10.1111/].1364-
3703.2007.00465.x

Fry, W.E., McGrath, M.T., Seaman, A., Zitter, T.A., McLeod, A. Danies, G., Small,
G.I.M., Myers, K., Everts, K., Gevens, A.J., Gugino, B.K., Johnson, S.B.,
Judelson, H., Ristaino, J., Roberts, P., Secor, G., Seebold, K., Snover-Clift,
Jr K., Wyenandt, A, Grunwald, N.J., & Smart, C.D. 2013. The 2009 Late Blight
Pandemic in The Eastern United States-Causes and Results. Plant Disease,
97 (3): 296-306. https://doi.org/10.1094/PDIS-08-12-0791-FE



GIfENETIC VARIABILITY, POPULATION STRUCTURE, AND MUTATION PROFILING OF Phytophthora
infestans IN

OXATHIAPIPROLIN FUNGICIDE RESISTANCE

Ade Mahendra Sutejo, Prof. Ani Widiastuti, S.P., M.P., Ph.D.; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Tri Joko, S.P., M.S

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Fry, W.E., Birch, P.R.J., Judelson, H.S., Grundwald, N.J., Danies, G., Everts, K.L.,
Gevens, A.J., Gugino, B.K,, Johnson, D.A., Johnson, S.B., McGrath, M.T.,
Myers, K.L., Ristaino, J.B., Roberts, P.D., Secor, G., & Smart, C.D. 2015. Five
reasons to consider Phytophthora infestans a reemerging pathogen.
Phytopathology, 105 (7): 966-981. https://doi.org/10.1094/PHYTO-01-15-
0005-FI

Fry, W.E. 2016. Phytophthora infestans: New tools (and ones) lead to new
understanding and precision management. Annual Review Phytopathology, 4:
529 — 547. https://doi.org/10.1146/annurev-phyto-080615-095951

Fry, W.E. 2020. Phytophthora infestans: the itinerant invader; “late blight”: the
persistent disease. Phytoparasitica, 48 (1): 87-94.
https://link.springer.com/article/10.1007/s12600-019-00778-3

Gamboag, S., Perez, W., Andrade-Piedra, J.L., & Forbes, G. 2019. Laboratory manual
for Phytophthora infestans work at CIP. Intemational Potato Center Press,
Lima, Peru, 78pp. https://doi.org/10.4160/9789290605331
Gavino, P.D., & Fry, W.E., 2002. Diversity in and evidence for selection on the
mitochondrial genome of Phytophthora infestans. Mycologia, 94 (5): 781-793.
doi: 10.2307/3761693

Gao, F., Chen, C,, Li, B., Weng, Q., & Chen, Q. 2020. The Gene Flow Direction of
Geographically Distinct Phytophthora infestans Populations in China
Corresponds with the Route of Seed Potato Exchange. Frontier Microbiology,
11 (1077): 1-12. https://doi.org/10.3389/fmicb.2020.01077

Gisi, U., & Cohen, Y. 1996. Resistance to Phenylamide fungicides: A case study with
Phytophthora infestans involving mating type and race structure. Annual
Review of Phytopathology 34: 549-572.
http://dx.doi.org/10.1146/annurev.phyto.34.1.549

Goodwin, S. B., Cohen, B. A., & Fry, W. E. 1994. Panglobal distribution of a single
clonal lineage of the Irish potato famine fungus. The Proceedings of the
National Academy of Sciences, 91 (24): 11591-11595.
http://dx . doi.org/10.1073/pnas.91.24.11591

Goodwin, S. B., Sujkowski, L.S., & Fry, W.E.1996. Widespread Distribution and
Probable Origin of Resistance to Metalaxyl in Clonal Genotypes of
Phytophthora infestans in the United States and Western Canada.
Phytopathology, 86 (7). pp.793-800.
https://iwvww .apsnet.org/publications/phytopathology/backissues/Documents/
1996Articles/Phyto86n07_793.PDF

Goodwin, S.B., 1997. The Populations Genetic of Phytophthora. Phytopathology,
87 (4):462-473. doi: 10.1094/PHYTO.1997.87.4.462

Goss, E.M., Cardenas, M.E., Myers, K., Forbes, G.A., Fry, W.E., Restrepo, S, &
Grundwald, N.J. 2011. The plant pathogen Phytophthora andina emerged via
hybridization of an unknown Phytophthora species and the Irish potato famine
pathogen, P. infestans. PLoS ONE, 6 (9): e24543.
https://doi.org/10.1371/journal.pone.002454 3



GIfENETIC VARIABILITY, POPULATION STRUCTURE, AND MUTATION PROFILING OF Phytophthora
infestans IN

OXATHIAPIPROLIN FUNGICIDE RESISTANCE

Ade Mahendra Sutejo, Prof. Ani Widiastuti, S.P., M.P., Ph.D.; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Tri Joko, S.P., M.S

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Gotoh, K., Akino, S., Maeda, A., Kondo, N., Naito, S., Kato, M., & Ogoshi, A. 2005.
Characterization of some Asian isolates of Phytophthora infestans. Plant
Pathology, 54 (6): 733-739. https://doi.org/10.1111/j.1365-
3059.2005.01286.x

Grada, C.O. 1992. Ireland’s great famine — an overview. Working Paper Series.
University College Dublin, Dublin, Ireland.
https://www .researchgate.net/publication/46430465 _Ireland's_great_famine

Griffith, G.W., & Shaw, D.S., 1998. Polymorphisms in Phytophthora infestans: Four
Mitochondrial Haplotypes are Detected after PCR Amplification of DNA from
Pure Cultures or from Lesions. Applied and Environmental Microbiology, 64
(10): 4007-2014. doi: 10.1128/AEM.64.10.4007-4014.1998

Grundwald, N.J., & Flier, W.G. 2005. The biology of Phytophthora infestans at its
center of origin. Annual Review of Phytopathology, 43: 171-20.
https://sites.science.oregonstate.edu/bpp/labs/grunwald/publications/annurev
.phyto.43.040204.pdf

Grinwald, N. J., Sturbaum, A. K., Montes, G. R., Serrano, E. G., Lozoya-Saldafia, H.,
& Fry, W. E. 2006. Selection for fungicide resistance within a growing season
in field populations of Phytophthora infestans in the center of origin.
Phytopathology 96 (12): 1397-1403. http://dx.doi.org/10.1094/PHYTO-96-
1397

Griunwald, N. J., & Goss, E. M. 2011. Evolution and population genetics of exotic and
re-emerging pathogens: Novel tools and approaches. Annual Review of
Phytopathology, 49: 249-267 .
https://ivww fs.usda.gov/psw/publications/uesd/psw.2011.grunwald.evolution
AndPopulationGenetics.ARP.pdf

Guo, L., Zhu, X.Q., Hu, C.H., & Ristaino, J.B. 2010.Genetic structure of Phytophthora
infestans populations in China indicates multiple migration events.
Phytopathology, 100 (10): 997-1006. https://doi.org/10.1094/PHYTO-05-09-
0126

Hansen, Z. R., Everts, K. L., Fry, W.E., Gevens, A.J., Gru'nwald, N.J., Gugino, B.K,,
Johnson, D.A., Judelson, H.S., Knaus, J.B., McGrath, M.T., Myers, K.L.,
Ristaino, J.B., Roberts, P.D., Secor, G.A., and Smart, C.D. 2016. Genetic
variation within clonal lineages of Phytophthora infestans revealed through
genotyping by sequencing, and implications for late blight epidemiology. PLoS
ONE, 11 (11): e0165690. https://doi.org/10.1371/journal.pone.0165690

Haverkort, A.J., Boonekamp, P.M., Hutten, R., Jacobsen, E., Lotz, L A.P., Kessel,
G.J.T., Visser, R.G.F., & van der Vossen, E.A.G. 2008. Societal costs of late
blight in potato and prospects of durable resistance through cisgenic
modification. Journal of the European Association for Potato Research, 51 (1):
47-57. http://dx.doi.org/10.1007/s11540-008-9089-y

Henson, J. M., French, R. 1993. The polymerase chain reaction and plant disease
diagnosis.  Annual Review of Phytopathology, 31. 81-109.
https://doi.org/10.1146/annurev.py.31.090193.000501



GIfENETIC VARIABILITY, POPULATION STRUCTURE, AND MUTATION PROFILING OF Phytophthora
infestans IN

OXATHIAPIPROLIN FUNGICIDE RESISTANCE

Ade Mahendra Sutejo, Prof. Ani Widiastuti, S.P., M.P., Ph.D.; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Tri Joko, S.P., M.S

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA
Hussain, S., Lees, AK,, Duncan, J.M., & Cooke, D.E.L. 2003. Development of a
species — specific and specific detection assay for P. infestans and its
application for monitoring of inoculum in tubers and soil. Plant Pathology, 54
(3): 373-382. http://dx.doi.org/10.1111/j.1365-3059.2005.01175.x

Hussain, T., Singh, B. P., & Anwar, F. 2015. Development of specific marker for PCR
diagnostic of late blight of potato caused by P. infestans using RAPD based
on SCAR methodology. Joumnal of the Saudi Society of Agricultural Sciences,
16 (4): 299-305. http://dx.doi.org/10.1016/j.jssas.2015.10.001

Ishii, H., & Hollomon, D. W. (Eds.). 2025. Fungicide resistance in plant pathogens:
Principles and a guide to practical management. Springer.
https://doi.org/10.1007/978-4-431-55642-8

Islam, M. H., Shanta, S. S., Hossain, M. |., Hossain, M. A., Hossain, M. M., Rahaman,
E. H M. S, Al Mahmud, A., Akhond, M. A_ Y., Sullivan, L., Cooke, D. E. L,
Kessel, G. J. T., Cooke, L. R., & Islam, M. R. 2022. Phenotypic and genotypic
analysis of the population of Phytophthora infestans in Bangladesh between
2014 and 2019. Potato Research. ISSN 0014-3065. 19p.
https://doi.org/10.1007/s11540-022-09581-w

Ivanov, A A, Ukladov, E.O., & Golubeva, T.S. 2021. Phytophthora infestans: An
Overview of methods and attempts to combat late blight. Journal of Fungi, 7
(12): 1071. doi: 10.3390/jof7121071

Judelson, H. S., Spielman, L. J., & Shattock, R. C. 1995. Genetic mapping and non-
mendelian segregation of mating type loci in the oomycete, Phytophthora
infestans. Genetics, 141 (2): 503-512.
https://doi.org/10.1093/genetics/141.2.503

Judelson, H. S. 1996. Chromosomal heteromorphism linked to the mating type locus
of the oomycete Phytophthora infestans. Molecular and General Genetics,
252 (1-2): 155-161. doi: https://doi.org/10.1007/bf02173215

Judelson, H.S_, & Tooley, P.W., 2000. Enhanced Polymerase Chain Reaction
Methods Detecting and Quantifying Phytophthora infestans in Plants.
Phytopathology, 20 (10): 1112-1119.
https://doi.org/10.1094/phyto.2000.90.10.1112

Judelson, H.S. & Blanco, F.A. 2005. The spores of Phytophthora: weapons of the
plant destroyer. Nature Reviews Microbiology, 3 (1): 47-58.

Judelson, H. S. 2017. Metabolic diversity and novelties in the oomycetes. Annual
Review of Microbiology, 71: 21-39. https://doi.org/10.1146/annurev-micro-
090816-093609

Kaur, A., Doyle, D., Cooke, D.E.L., Mullins, E., & Kildea, S. 2024. First report of the
Phytophthora infestans EU_43_A1 clonal lineage and associated PiCesA3
mutation G1105S in Ireland. New Disease Report, 49 (2): 1-3.
https://doi.org/10.1002/ndr2.12272



GIfENETIC VARIABILITY, POPULATION STRUCTURE, AND MUTATION PROFILING OF Phytophthora
infestans IN

OXATHIAPIPROLIN FUNGICIDE RESISTANCE

UNIVERSITAS Ade Mahendra Sutejo, Prof. Ani Widiastuti, S.P., M.P., Ph.D.; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Tri Joko, S.P., M.S

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Kaur, A., Mullins, E., & Kildea, S. 2025. Detection of resistance in Phytopthora
infestans to the carboxylin acid amide (CAA) fungicides using digital droplet
PCR. Pest Management Science, 81 (10): 6295-6302.
https://doi.org/10.1002/ps.70015

Kim, K. J., & Lee, Y. S. 2002. Genetic DNA marker for A2 mating type in Phytophthora
infestans. Journal of Microbiology, 40 (4): 254-2359.
https://koreascience.or kr/article/lJAKO200211921506868. pdf

Knapova, G. & Gisi, U. 2002. Phenotypic and genotypic structure of Phytophthora
infestans populations on potato and tomato in France and Switzerland. Plant
Pathology, 51 (5): 641-653.

Knaus, B. J., Tabima, J. F., Shakya, S. K., Judelson, H. S., & Grunwald, N. J. 2020.
Genome-wide increased copy number is associated with emergence of
dominant clones of the Irish Potato Famine pathogen Phytophthora infestans.
mBio, 11 (3): e00326-20. https://doi.org/10.1128/mBio.00326-20

Koh, Y.J. 1994. Migrations and displacements of Phytophthora infestans populations
in east Asian countries. Phytopathology, 84 (9): 922-927.
https://www .apsnet.org/publications/phytopathology/backissues/Documents/
1994 Articles/Phyto84n09_922 PDF

Kurniawan, H., Sulastrini, I., & Suganda, T. 2018. Uji ketahanan klon kentang hasil
persilangan Atlantic X Repita terhadap penyakit hawar daun Phyfophthora
infestans. Jurnal Agrikultura, 29 (2): 100-104.
https://doi.org/10.24198/agrikultura.v29i2.20806

Lamour, K. H., Stam, R., Jupe, J., & Huitema, E. 2012. The ocomycete broad-host-
range pathogen Phytophthora capsici. Molecular Plant—Microbe Interactions,
25 (11): 1340-1350. https://doi.org/10.1094/MPMI-03-12-0061-R

Leach, J. E. 2001. Pathogen Fitness Penalty as A Predictor of Durability of Disease
Resistance  Genes. Annual Review of Phytopathology, 39(1): 187-224. doi:
10.1146/annurev.phyto.39.1.187

Lee, T.Y., Mizubuti, E., & Fry, W.E. 1999. Genetics of metalaxyl resistance in
Phytophthora infestans. Fungal Genetic Biology, 26 (2): 118-130.
https://doi.org/10.1006/fgbi.1998.1107

Lee, H.-Y., Moon, S., Ro, H.-S,, Chung, J.-W., & Ryu, H. 2020a. Analysis of genetic
diversity and population structure of wild strains and cultivars using genomic
SSR markers in Lentinula edodes. Mycobiology, 48 (2): 115-121. doi:
10.1080/12298093.2020.1727401

Lee, Y., Cho, K.-S., Seo, J.-H., Sohn, K. H., & Prokchorchik, M. 2020b. Improved
genome sequence and gene annotation resource for the potato late blight
pathogen Phytophthora infestans. Molecular Plant-Microbe Interactions, 33
(8): 1025—-1028. https://doi.org/10.1094/MPMI-02-20-0023-A



GIfENETIC VARIABILITY, POPULATION STRUCTURE, AND MUTATION PROFILING OF Phytophthora
infestans IN

OXATHIAPIPROLIN FUNGICIDE RESISTANCE

Ade Mahendra Sutejo, Prof. Ani Widiastuti, S.P., M.P., Ph.D.; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Tri Joko, S.P., M.S

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA
Lees, A. K., Wattier, R., Shaw, D. S., Sullivan, L., Williams, N. A., & Cooke, D. E. L.
2006. Novel microsatellite markers for the analysis of Phytophthora infestans
populations. Plant Pathology, 55 (3): 311-319. https://doi.org/10.1111/j.1365-
3059.2006.01359.x

Li, Y., van der Lee, T.AJ., Evenhuis, A., van den Bosch, G.B.M., van Bekkum, P.J.,
Forch, M.G., van Gent-Pelzer, M.P.E., van Raaij, HM.G., Jacobsen, E.,
Huang, S.W., Govers, F., Vleeshouwers, V.G.AA., & Kessel, G.J.T. 2012.
Population dynamics of Phytophthora infestans in the Netherlands reveals
expansion and spread of dominant clonal lineages and virulence in sexual
offspring. Genetics, 2 (12): 1529-1540.
https://doi.org/10.1534/g3.112.004150

Li, Y., Cooke, D.E.L., Jacobsen, E., & van Der Lee., T. 2013. Efficient multiplex simple
sequence repeats genotyping of the Oomycetes plant pathogen Phytophthora
infestans. Journal of Microbiological Methods, 92 (3): 316-322.
https://doi.org/10.1016/j.mimet.2012.11.021

Li, Y., Shen, H., Zhou, Q., Qian, K, van der Lee, & T., Huang, S. 2017. Changing
ploidy as a strategy: the Irish potato famine pathogen shifts ploidy in relation
to its sexuality. Molecular Plant-Microbe Interactions, 30 (1): 45-52.
https://doi.org/10.1094/MPMI-08-16-0156-R

Li, Y.C., Korol, A.B., Fahima, T., Beiles, A., & Nevo, E. 2002. Microsatellites: genomic
distribution, putative functions, and mutational mechanisms: A Review
Molecular Ecology 11 (12): 2453-2465. https://doi.org/10.1046/).1365-
294x.2002.01643.x

Li, C., Liu, X., Liu, Z., Hu, S., Xue, Z., Fu, Y., Miao, J., and Liu, X. 2022. Resistance
risk and novel resistance-related point mutations in target protein PIORP1 of
Fluoxapiprolin in Phytophthora infestans. Journal of Agricultural and Food
Chemistry, 70 (16): 4881 — 4888. https://doi.org/10.1021/acs.jafc.1c08199

Lurwanu, Y., Wang, Y.-P., Abdul, W., Zhan, J., & Yang, L.-N. 2020. Temperature-
mediated plasticity regulates the adaptation of Phytophthora infestans to
Azoxystrobin fungicide. Sustainability, 12 (3): 1188.
https://doi.org/10.3390/su12031188

Ludwiczewska, M., Janiszewska, M., Yin, Z., and Sliwka, J. 2025. Populations of
Phytophthora infestans in northem and eastern Europe. European Joumal
Plant Pathology, 171 (1): 81-95. https://doi.org/10.1007/s10658-024-02933-x

Lynott, J.S., Cooke, D.E.L., Sullivan, L., & Lees, A K. 2023. Sensitivity of dominant
UK Phytophthora infestans genotypes to a range of fungicide active
ingredients. Plant Pathology, 73 (3): 578-589.
https://doi.org/10.1111/ppa.13832

Ma, Z., Felts, D., & Michailides, T.J. 2003. Resistance to Azoxystrobin in Alternaria

isolates from Pistachio in California. Pesticide Biochemistry and Physiology,
77 (2): 66—74. doi: 10.1016/j.pestbp.2003.08.002

10



GIfENETIC VARIABILITY, POPULATION STRUCTURE, AND MUTATION PROFILING OF Phytophthora
infestans IN

OXATHIAPIPROLIN FUNGICIDE RESISTANCE

UNIVERSITAS Ade Mahendra Sutejo, Prof. Ani Widiastuti, S.P., M.P., Ph.D.; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Tri Joko, S.P., M.S

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Ma, Z., & Michailides, T. J., 2005. Advances in understanding molecular mechanisms
of fungicide resistance and molecular detection of resistant genotypes in
phytopathogenic  fungi. Crop  Protection, 24 (10): 853-863.
doi: 10.1016/j.cropro.2005.01.011

Mabon, R., Guibert, M., Corbiere, R., & Andrivon, D. 2021. An improved PCR method
for rapid and accurate identification of mating type in late blight pathogen
Phytophthora infestans. Plant Health Progress, 22 (3): 362-367.
https://doi.org/10.1094/PHP-02-21-0026-FI.

McDonald, B.A., and Linde, C. 2002. Pathogen population genetics, evolutionary
potential, and durable resistance. Annual Review Phytopathology, 40: 349—
379. doi: 10.1146/annurev.phyto.40.120501.101443

Martin, F.N., Zhang, Y., Cooke, D.E.L., Coffey, M.K., Grunwald, N.K., & Fry, W.E.
2019. Insights into evolving global populations of Phytophthora infestans via
new complementary mtDNA haplotype markers and nuclear SSRs. PloS ONE,
14 (1): e0208606. https://doi.org/10.1371/journal.pone.0208606

Matson, M. E. H., Randall, T. A., & Judelson, H. S. 2015. Metalaxyl resistance in
Phytophthora infestans. Phytopathology, 105 (6): 759-766.
https://doi.org/10.1094/PHYTO-05-15-0129-R

Maulana, G.A., Yulia, E., and Suganda, T. 2025. Sensitivitas Fusarium oxysporum
f.sp. cepae isolat Kabupaten Garut terhadap beberapa jenis fungisida pada
konsentrasi subletal serta virulensinya pada dua varietas bawang merah
(Allium  ascalonicum L.). Jumnal Agrikultura, 36 (1): 62-78.
https://doi.org/10.24198/agrikultura.v36i1.60439

Maurice S., Montes, M.S., Nielsen, B.J., Badker, L., Martin, M.D., Jenck, C.G., Kjgller,
R., Rosendanhl, S. 2019. Population genomics of an outbreak of the potato late
blight pathogen, Phytophthora infestans, reveals both clonality and high
genotypic diversity. Molecular Plant Pathology, 20 (8): 1134-1146. doi:
10.1111/mpp.12819

Mazakova, J., Taborsky, V., Zouhar, M., Rysanek, P., Hausvater, E_, & Dolezal, P.
2006. Occurrence and distribution of mating types A1 and A2 of Phytophthora
infestans (Mont.) de Bary in the Czech Republic. Plant Protection Science, 42
(2): 41-48. http://dx.doi.org/10.17221/2697-PPS

Mazakova, J., Zouhar, M., Rysanek, P., Taborsky, V., Hausvater, E., & Dolezal, P.
2010. Mating type distribution of Phytophthora infestans (Mont.) de Bary in the
Czech Republic in 2007 and 2008. Plant Protection Science, 46 (3): 89-97.
http:/dx.doi.org/10.17221/49/2009-PPS

May, J., & Ristaino, J.B., 2004. Identity of the mtDNA Haplotype(s) of Phytophthora
infestans in historical specimens from the Irish Potato Famine. The British
Mycological Society, 108 (5): 1-9. doi: 10.1017/s0953756204009876

Mboup, M.K., Sweigard, J.W., Carroll, A., Jaworskaa, G., & Geneta, J.L. 2021.
Genetic mechanism, baseline sensitivity and risk of resistance to
Oxathiapiprolin in Oomycetes. Pest Management Science, 78 (3): 1-9.
http://dx.doi.org/10.1002/ps.6700

11



GIfENETIC VARIABILITY, POPULATION STRUCTURE, AND MUTATION PROFILING OF Phytophthora
infestans IN

OXATHIAPIPROLIN FUNGICIDE RESISTANCE

UNIVERSITAS Ade Mahendra Sutejo, Prof. Ani Widiastuti, S.P., M.P., Ph.D.; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Tri Joko, S.P., M.S

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Miao, J., Cai, M., Dong, X., Liu, L., Lin, D., Zhang, C., Pang, Z., and Liu, X. 2016.
Resistance assessment for oxathiapiprolin in Phytophthora capsici and the
detection of a point mutation (G769W) in PcORP1 that confers resistance.
Frontiers in Microbiology, 7 (615): 1-14.
https://doi.org/10.3389/fmicb.2016.00615

Miao, J., Chi, Y., Lin, D., Tyler, B.M., and Liu, X. 2018. Mutations in ORP1 conferring
oxathiapiprolin resistance confirmed by genome editing using CRISPR/Cas9
in Phytophthora capsici and Phytophthora sojae. Phytopathology, 108 (12):
1412-1419. https://doi.org/10.1094/PHYTO-01-18-0010-R

Miao, J., Li, C., Liu, X., Zhang, X., Li, G., Xu, W., Zhang, C., and Liu, X. 2021. Activity
and resistance-related point mutations in target protein PcORP1 of
fluoxapiprolin in Phytophthora capsici. Joumal of Agricultural and Food
Chemistry, 69 (13): 3827-3834. https://doi.org/10.1021/acs.jafc.0c05119

Mijani, S., Aghapour-Olje, H., & Goltapeh, E. M. 2021. Genetic diversity of Fusarium
oxysporum f. sp. phaseoli populations using SSR markers. Mycopathologia,
186 (3): 375-385. doi: 10.1590/1678-4685-GMB-2019-0267

Milgroom, M. G., & Fry, W. E. 1997. Contributions of population genetics to plant
disease epidemiology and management. In Advances in Botanical Research
(Vol. 24, pp. 1-30). Academic Press/Elsevier. https://doi.org/10.1016/S0065-
2296(08)60069-5

Mitchell, S. E., & Frantz, A. C. (2005). DNA extraction from FTA cards for PCR
analysis. Molecular Ecology Notes, 5 (3): 408—-410.

Nei, M. 1978. Estimation of average heterozygosity and genetic distance from a small
number of individuals. Genetics, 89 (3): 583-590. 10.1093/genetics/89.3.583

Nishimura, R., Sato, K., Lee, W.H., Singh, U.P. and Chang, T.T. 1999. Distribution of
Phytophthora infestans in seven Asian countries. Annuals of the
Phytopathological Society of Japan, 65 (2): 163-170.
https://doi.org/10.3186/jjphytopath.65.163

Nowicki, M., Foolad, M. R., Nowakowska, M., & Kozik, E. U. 2012. Potato and tomato
late blight caused by Phytophthora infestans: An overview of pathology and
resistance breeding. Plant Disease, 96 (1): 4-17.
https://doi.org/10.1094/PDIS-05-11-0458

Parnell, S., Gilligan, C.A., Lucas, J.A., Bock, C.H., and Van Den Bosch, F. 2008.
Changes in fungicide sensitivity and relative species abundance in
Oculimacula yalludae and O. acuformis populations (eyespot disease of
cereals) in Western Europe. Plant Pathology, 57 (3): 509-517.
https://doi.org/10.1111/j.1365-3059.2007.01786.X

Pasteris, R. J., Hanagan, M. A., Bisaha, J. J., Finkelstein, B. L., Hoffman, L. E.,
Gregory, V., Andreasi, J.L., Sweigard, J.A., Klyashchitsky, B.A_, Hendry, Y.T.,
and Berger, R.AA. 2016. Discovery of oxathiapiprolin, a new oomycete
fungicide that targets an oxysterol binding protein. Bioorganic and Medicinal
Chemistry, 24 (3): 354-361. doi: 10.1016/j.bmc.2015.07.064

12



GIfENETIC VARIABILITY, POPULATION STRUCTURE, AND MUTATION PROFILING OF Phytophthora
infestans IN

OXATHIAPIPROLIN FUNGICIDE RESISTANCE

Ade Mahendra Sutejo, Prof. Ani Widiastuti, S.P., M.P., Ph.D.; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Tri Joko, S.P., M.S

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Peterson, |. 2015. Genotypic and phenotypic variation of Phytopthora infestans on
potato in the two Swedish regions Bjare and Ostergétland in 2015 [Master
Thesis, Swedish University of Agricultural Sciences]. Sweden. Retrieved May
6", 2024, from, https://stud.epsilon.slu.se/8722/7/peterson_i 160111 pdf

Prasad, P., Thakur, R.K., Savadi, S., Bhardwaj, S.C., gangwar, O.P., lata, C.,
Adhikari, S., & kumar, S. 2022. Genetic diversity and population structure
reveal cryptic genetic variation and long distances migration of Puccinia
graminis f. sp. tritici in the Indian subcontinent. Frontiers in Microbiology, 13:
842106. https://doi.org/10.3389/fmicb.2022.842106

Puidet, B., Mabon, R., Guibert, M., Kiiker, R., Soonvald, L., Le, V. H., Eikemo, H.,
Dewaegeneire, P., Saubeau, G., Chatot, C., Aurousseau, F., Cooke, D. E. L.,
Lees, A., Abuley, |. K., Hansen, J. G., Corbiére, R., Leclerc, M., & Andrivon,
D. 2022. Examining phenotypic traits contributing to the spread in Northern
European potato crops of EU_41_A2, a new clonal lineage of Phytophthora
infestans. Phytopathology, 112(2) 414-421. https://doi.org/10.1094/PHYTO-
12-20-0542-R

Purwanti, H. 2002. Penyakit hawar daun (Phytophthora infestans (Mont.) De Bary)
pada kentang dan tomat: identifikasi permasalahan di Indonesia. Buletin
AgroBio, ) (2): 67-72.
https://repository .pertanian.go.id/handle/123456789/12382

Rachman, A. 2023. Rl borong kentang Jerman & AS, impor naik gila-gilaan (internet
article). Retrieved 25 June 2025 from
https://www .cnbcindonesia.com/news/20230216072813-4-414181/ri-borong-
kentang-jerman-as-impor-naik-gila
gilaan#:~:text=Dari%20Inggris%2C%20Indonesia%20impor%20kentang,dan
%20Januari%?202023%20tidak%20terdata.

Ramelli, E.G., Villegas, S.J., Kafuri, L.A., & Isaza, R.E.A. 2008. Characterization of
Phytophthora infestans populations in Antioquia, Colombia. Revista Facultad
Nacional de Agronomia Medellin, 62 (2), pp.5031-5037, viewed 10 December
2024, from
https:/iwww researchgate net/publication/257652276 _Characterization_of P
hytophthora_infestans_populations_in_Antioquia_Colombia

Ristaino, J.B., Madritch, M., Trout, C.L., Parra, G. 1998. PCR amplification of
ribosomal DNA for species identification in the plant pathogen genus
Phytophthora. Applied and Environmental Microbiology, 64 (3): 948-954.
http:/dx.doi.org/10.1128/AEM.64.3.948-954.1998

Restrepo, S., Ayala-Usma, D. A., Cardenas, M., Guyot, R., Chaib De Mares, M.,
Bernal, A., Reyes Mufioz, A., & Ristaino, J. B. 2021. A whole genome
duplication drives the genome evolution of Phytophthora betacei, a closely
related species to Phytophthora infestans. BMC Genomics, 22: 793.
https://doi.org/10.1186/s12864-021-08079-y

13



GIfENETIC VARIABILITY, POPULATION STRUCTURE, AND MUTATION PROFILING OF Phytophthora
infestans IN

OXATHIAPIPROLIN FUNGICIDE RESISTANCE

Ade Mahendra Sutejo, Prof. Ani Widiastuti, S.P., M.P., Ph.D.; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Tri Joko, S.P., M.S

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Robideau, G. P., de Cock, A. W. A. M., Coffey, M. D., Voglmayr, H., Brouwer, H.,
Bala, K., Chitty, D. W., Désaulniers, N., Eggertson, Q. A., Gachon, C. M. M.,
Hu, C.-H., Kupper, F. C., Rintoul, T. L., Sarhan, E., Verstappen, E. C. P,,
Zhang, Y., Bonants, P. J. M., Ristaino, J. B., & Lévesque, C. A. 2011. DNA
barcoding of oomycetes with cytochrome c oxidase subunit | and internal
transcribed spacer. Molecular Ecology Resources, 11 (6): 1002-1011.
https://doi.org/10.1111/j.1755-0998.2011.03041.x

Rosenzweig, N., Hanson, L.E., Mambetova, S., Jiang, Q., Guza, C., Stewart, J.,
Trueman, C.L., and Somohano, P. 2020. Temporal population monitoring of
fungicide sensitivity in Cercospora beticola from sugarbeet (Beta vulgaris) in
the Upper Great Lakes. Canadian Journal of Plant Pathology, 42 (4): 469—
479. https://doi.org/10.1080/07060661.2019.1705914

Roy, S.G., Dey, T., Cooke, D.E.L., & Cooke, R.S. 2020. The dynamic of Phytophthora
infestans populations in the major potato-growing regions of Asia — A review.
Plant Pathology, 70 (5):1015-131. https://doi.org/10.1111/ppa.13360.

Rubin, A.E., Gotlieb, D., Gisi, U., & Cohen, Y. 2008. Mutagenesis of Phytophthora
1infestans for resistance against carboxylic acid amide and phenylamide
fungicides. Plant Disease, 92 (5): 675-683. https://doi.org/10.1094/pdis-92-5-
0675

Runno-Paurson, E., Hannukkala, A. O., Williams, |. H., & Metspalu, L. 2016. High
genotypic diversity found among populations of Phytophthora infestans
collected in Estonia. Fungal Biology, 120 (3): 385-392. doi:
10.1016/j.funbio.2015.11.008

Runno-Paurson, E., Nassar, H., Tantjarv, T., Eremeev, V., Hansen, M., Niinemets, 0.
2022. High temporal variability in late blight pathogen diversity, virulence, and
fungicide resistance in potato breeding fields: Results from a long-term
monitoring study. Plants, 11 (18): 2426. doi: 10.3390/plants11182426

Runno-Paurson, E., Agho, C. A., Nassar, H., Hansen, M., Leitaru, K., Hallikma, T.,
Cooke, D. E. L., & Niinemets, U. 2024. The variability of Phytophthora
infestans isolates collected from Estonian islands in the Baltic Sea. Plant
disease, 108 (6): 1645-1638. https://doi.org/10.1094/PDIS-07-23-1399-RE

Runno-Paurson, E., Angho, C. A., Zoteyeva, N., Koppel, M., Hansen, M., Hallikma,
T., Cooke, D., L., Nassar, H.,, & Niinemets, U. 2022. Highly diverse
Phytophthora infestans populations in infecting potato crops in Pskov region,
North-West  Russia. Journal of Fungi, 126 (5): 335-345.
https://doi.org/10.3390/jof80504 72

Russell, P.E. 2004. Sensitivity Baselines in Fungicide Resistance Research and
Management. Croplife International, Brussels, Belgium, 53 pp. Retrieved
December 1%, 2024 from https://www frac.info/media/pgknfzn1/monograph-
3.pdf

Santos, R., Martinez, F., & Cuesta, P. 2024. Optimizing late blight management in
Ecuadorian tomato crops through potassium phosphite and integrated
fungicide strategies. Preprints, 2024111780.
https://www preprints.org/manuscript/202411.1780/v1

14



GIfENETIC VARIABILITY, POPULATION STRUCTURE, AND MUTATION PROFILING OF Phytophthora
infestans IN

OXATHIAPIPROLIN FUNGICIDE RESISTANCE

Ade Mahendra Sutejo, Prof. Ani Widiastuti, S.P., M.P., Ph.D.; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Tri Joko, S.P., M.S

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Saville, A.C., Martin, M.D., and Ristaino, J.B. 2016. Historic late blight outbreaks
caused by a widespread dominant lineage of Phytophthora infestans (Mont.)
de Bary. PLoS ONE, 1 (12): e0168381.
https://doi.org/10.1371/journal.pone.0168381

Saville, S., & Ristaino, J.B. 2019. Genetic structure and subclonal variation of extant
and recent U.S lineages of Phytophthora infestans. Phytopathology, 109 (9):
1614-1627. https://doi.org/10.1094/PHYTO-09-18-0357-R

Schoch, C. L., Seifert, K. A., Huhndorf, S., Robert, V., Spouge, J. L., Levesque, C. A,,
Chen, W., & Fungal Barcoding Consortium. 2012. Nuclear ribosomal internal
transcribed spacer (ITS) region as a universal DNA barcode marker for Fungi.
Proceedings of the National Academy of Sciences of the United States of
America, 109 (16): 6241-6246. https://doi.org/10.1073/pnas.1117018109

Schepers, HT.A.M,, Kessel, G.J.T., Lucca, F., Forch, M.G., van den Bosch, G.B.M.,
Topper, C.G., and Evenhuis, A. 2018. Reduced efficacy of Fluazinam against
Phytophthora infestans in the Netherlands. European Journal Plant Pathology
151 (4): 947-960. https://doi.org/10.1007/510658-018-1430-y

Semangun, H. 2007. Penyakit — Penyakit Tanaman Hortikultura, Edisi Kedua. Gadjah
Mada University Press. Yogyakarta.

Seo, J.-H., Choi, J.-G., Park, H.-J., Cho, J.-H., Park, Y.-E., Im, J.-S., Hong, S.-Y., &
Cho, K.-S. 2022. Complete mitochondrial genome sequences of Korean
Phytophthora infestans isolates and comparative analysis of mitochondrial
haplotypes. The Plant Pathology Joumal, 38 (5): 541-549.
https://doi.org/10.5423/PPJ.OA.07.2022.0093

Siegel, C.S., Stevenson, F.O., & Zimmer, E.A. 2017. Evaluation and comparison of
FTA card ands CTAB DNA extraction methos for non-agricultural taxa.
Application in Plant Sciences, 5 (2): apps.1600109.
https://doi.org/10.3732/apps.1600109.

Slatkin, M. 1987. Gene flow and the geographic structure of natural populations.
Science, 236 (4803): 787—-792. doi: 10.1126/science.3576198

Smith, L. M., & Burgoyne, L. A. 2004. Collecting, archiving and processing DNA from
wildlife samples using FTA databasing paper. BMC Ecology, 4(1): 4.
https://doi.org/10.1186/1472-6785-4-4

Soesanto, L., Mugiastuti, E., & Rahayuniati. 2011. Inventarisasi dan identifikasi
patogen tular-tanah pada pertanaman kentang di kabupaten Purbalingga.
Jurnal Hortikultura, 21 (3): 254-264.
https://media.neliti.com/media/publications/82328-ID-inventarisasi-dan-
identifikasi-patogen-t.pdf

Steffens, J. J., Pell, E. J., & Tien, M. 1996. Mechanisms of fungicide resistance in

phytopathogenic fungi. Current Opinion in Biotechnology, 7 (3): 348-355.
https://doi.org/10.1016/S0958-1669(96)8004 3-7

15



GIfENETIC VARIABILITY, POPULATION STRUCTURE, AND MUTATION PROFILING OF Phytophthora
infestans IN

OXATHIAPIPROLIN FUNGICIDE RESISTANCE

Ade Mahendra Sutejo, Prof. Ani Widiastuti, S.P., M.P., Ph.D.; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Tri Joko, S.P., M.S

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Tautz D., & Renz, M. 1984. Simple sequences are ubiquitous repetitive components

of eukaryotic genomes. Nucleic Acids Research, 12 (10): 4127-4138.
https://doi.org/10.1093/nar/12.10.4127

Tian, Y.E., Yin, J.L., Sun, J.P, Ma, Y.F., Wang, Q.H., Quan, J.L., & Shan, W.X. 2016.
Population genetic analysis of Phytophthora infestans in northwestern China.
Plant Pathology, 65 (1): 17-25. http://dx.doi.org/10.1111/ppa.12392

Toth, G., Gaspari, Z., & Jurka, J. 2000. Microsatellites in different eukaryotic
genomes: survey and analysis. Genome Research, 10 (7). 967-981.
https://doi.org/10.1101/gr.10.7.967

Trout, C.L., Ristaino, J.B., Madritich, M., & Wangsomboondee, T. 1997. Rapid
detection of P. infestans in late blight — infected potato and tomato using PCR.
Plant Disease, 81 (9): 1042-1048.
https://doi.org/10.1094/pdis.1997.81.9.1042

Turner, R.S. 2005. After the famine: plant pathology, Phytophthora infestans, and the
late blight of potatoes, 1845-1960. Historical Study in the Physical and
Biological Science, 35 (2): 341-370.
https://doi.org/10.1525/hsps.2005.35.2.341

Utami, D. W., & Ambarwati, D. 2017. Genotype and phenotype characterization of
Indonesian Phytophthora infestans isolates collected from Java and outside
Java Island. Hayati Journal of Biosciences, 24 (4): 168-173.
https://doi.org/10.1016/j.hjb.2017.10.002

van den Bosch, F., Paveley, N., van den Berg, F., Hobbelen, P., & Oliver, R. 2014.
Mixtures as a fungicide resistance management — a review. Phytopathology,
104 (12): 1264-1267. https://doi.org/10.1094/PHYTO-04-14-0121-RVW

Velasquez-Vasconez, P. A., Chaves-Ordofiez, R. Y., Pantoja Unigarro, J. D,
Hernandez Diaz, T. Y., Lagos Mora, L. E., Betancourth Garcia, C., & Salazar-
Gonzalez, C. 2024. Genetic diversity and pathogenicity of Phytophthora
infestans isolates on four Solanum tuberosum (Potato) Cultivars in Narifio,
Colombia. International Journal of Plant Biology, 15 (4): 1021-1031.
https://doi.org/10.3390/ijpb15040072

Wang, Y., Zhang, Y., Xu, J., Li, W., Wu, J., &Li, H. 2022. Comparative genomic
analysis reveals adaptive evolution and gene family expansion in
Phytophthora  species. Frontiers in  Microbiology, 13: 806398.
https://doi.org/10.3389/fmicb.2022.806398

Whatman. 2010. FTA Card Technology: Simplifying the collection, transport, and
purification of nucleic Acids. Whatman International Ltd.
https://iwww.whatman.co.kr/pds/02.pdf

Whatman. 2013. Whatman FTA: Collect, Archive, Transport, and Purify Nucleid Aciads

all at room temperature. Whatman International Ltd.
https://www.whatman.co kr/pds/02.pdf

16



GIfENETIC VARIABILITY, POPULATION STRUCTURE, AND MUTATION PROFILING OF Phytophthora
infestans IN

OXATHIAPIPROLIN FUNGICIDE RESISTANCE

Ade Mahendra Sutejo, Prof. Ani Widiastuti, S.P., M.P., Ph.D.; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Tri Joko, S.P., M.S

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Whittaker, R. G., Myers, K., & Shaw, D. S. 1994. Inheritance of mitochondrial DNA
in Phytophthora infestans. Mycological Research, 98 (5): 569-575.
https://doi.org/10.1016/S0953-7562(09)80481-4

White, S., & D. Shaw, 2009 Resistance of Sarpo clones to the new strain of
Phytophthora infestans, Blue-13. PPO-Special Report, 13: 61-69.
https://iwww cabidigitallibrary.org/doi/pdf/10.5555/20153426843

Widiantini, F., Maksum, M., & Dono, D. 2022. In vitro sensitivity of Phytophthora
infestans (Mont.) de Bary isolated from Cikajang, Garut, to several fungicides.
Jurnal Agricultura, 33 (2): 200-207. doi: 10.24198/agrikultura.v33i2.40357

Widmark, A. K., Andersson, B., Sandstrom, M., & Yuen, J. 2011. Tracking
Phytophthora infestans with SSR markers within and between seasons-a
feld study in Sweden. Plant Pathology, 60 (5): 938—-945.
https://doi.org/10.1111/j.1365-3059.2011.02446 .x

Wulandari, D., Sulistyowati, L., & Muhibuddin, A. 2014. Keanekaragaman jamur
endofit pada tanaman tomato (Lycopersicum esculentum Mill.) dan
kemampuan antagonisnya terhadap Phytophthora infestans. Jurnal HPT, 2
(1): 110-118. https://jumalhpt.ub.ac.id/index.php/jhpt/article/view/78/81

Yang, Z-H., Qi, M.-X_, Qin, Y -X_, Zhu, J.-H., Gui, X.-M_, Tao, B., Xu, X.-H., &
Zhang, F.-G. 2013. Mitochondrial DNA polymorphisms in Phytophthora
infestans: New haplotypes are identified and re-defined by PCR. Joumnal of
Microbiological Methods, 95 (2): 117—121.
https://doi.org/10.1016/j.mimet.2013.08.001

Yoshida, K., Schuenemann, V. J., Cano, L. M., Pais, M., Mishra, B., Sharma, R.,
Lanz, C., Martin, F. N., Kamoun, S., Krause, J., Thines, M., Weigel, D., &
Burbano, H. A. 2013. The rise and fall of the Phytophthora infestans lineage
that triggered the Irish potato famine. eLife, 2: e00731.
https://doi.org/10.7554/eLife.00731

Yuta, S.A., Pine, M.l., & Lubis, L. 2013. Pertumbuhan isolate Phytophthora infestans
(Mont.) de Bary tanaman kentang dan tomat pada berbeda media di
laboratorium. Jurnal Online Agroekoteknologi, 2 (1): 380-392.
https://media.neliti.com/media/publications/97469-ID-none.pdf

17



GENETIC VARIABILITY, POPULATION STRUCTURE, AND MUTATION PROFILING OF Phytophthora
infestans IN

OXATHIAPIPROLIN FUNGICIDE RESISTANCE ) ] )

Ade Mahendra Sutejo, Prof. Ani Widiastuti, S.P., M.P., Ph.D.; Dr. Ir. Arif Wibowo, M.Agr.Sc.; Prof. Tri Joko, S.P., M.S

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

18



